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S U M M A R Y 
(i) 
The results obtained from the work presented in this disser-
tation bears out that: 
(1) Of the various axenically grown strains and species of 
free-living amoebae viz. Acanthamotba c.ulbzn.t^oni (strains A-1, 
C-2, C-6 and C-7) ; A. A.h.y^odz-i (strains R-3, R-5 and R-7) ; 
A. pa£e4i-cnen4^4 and A. polypliaga, A. calbe.At^oni (strain A-1) 
and A. A.hy^ode.y!> (Strain R-3) were pathogenic while the other strains 
and species of amoebae were nonpathogenic. Total lipids, phospho-
lipids, sterol contents and ratio of phosphatidyl choline to phos-
phatidyl ethanolamine in the trophozoites were significantly higher 
in pathogenic amoebae than in nonpathogenic amoebae. 
(2) Ergosterol and 7-dehydrostigmasterol, the constituent sterols 
of Acanth.amoe.ba. (Neff), were identified along with two new sterols, 
7,25-didehydrostigmasterol and 7,14,25-tridehydrostigmasterol, as 
the sterols of A. cuZbe.At6oni strain A-1 (pathogenic amoeba) while 
none of these sterols was detected in nonpathogenic strain C-7. 
(3) Sterol-depletion of pathogenic amoeba, A. calbzAt^oni strain 
A-1, was achieved by passaging the amoeba through CPIB, an inhibi-
tor of sterol biosynthesis. This caused gradual loss of invasive-
ness during these passages. On the other hand the sterol-enrich-
mentof nonpathogenic amoeba, A. cuZbO-At-ioni strain C-7, was achieved 
by passaging the amoeba through cholesterol. This caused gradual 
acquisition of invasiveness during these passages. Both the 
strains of amoebae were capable of incorporating and metabolizing 
(ii) 
exogenously added cholesterol in the medium; into their constituent 
sterols. 
(4) The contents of total lipids, phospholipids and total sterols 
decreased during CPIB-passage of trophozoites of strain A-1 while 
these constituents increased during cholsterol-passage of the 
trophozoites of strain C-7. There was no significant change in 
the protein contents of amoebae during CPIB- or cholesterol-passage. 
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(5) Incorporation of C-acetate into total non-saponifiable lipids 
and various sterol spots decreased when the trophozoites of strain 
A-1 or C-7 were passaged through CPIB or cholesterol, 
(5) Passage of strain A-1 through CPIB caused complete disappear-
ance of ergosterol while the contents of other sterols decreased. 
On the other hand the passage of strain C-7 through cholesterol 
caused appearance of ergosterol, 7-dehydrostigmasterol and 7,25-
didehydrostigmasterol along with cholesterol in the amoebae. These 
sterols were not detected in unpassaged trophozoites of strain C-7. 
(7) The specific activities of Mg -ATPase, 5'-nucleotidase, 
glucose-6-phosphatase, acid ribonuclease, cathepsin B and phospho-
lipase A were significantly higher in the trophozoites of virulent 
strain A-1 than in avirulent strain C-7. The specific activities 
of Mg -ATPase, 5'-nucleotidase, NADPH-cytochrome C reductase, 
acid phosphatase, acid ribonuclease and phospholipase A decreased 
during CPIB-passage of the trophozoites of strain A-1 while the 
specific activity of succinate dehydrogenase increased during these 
passages. On the other hand the specific activities of Mg -ATPase, 
(iii) 
5'-nucleotidase, acid phosphatase, acid ribonuclease, cathepsin B 
and phospholipase A increased during passage of trophozoites of 
strain C-7 through cholesterol but the specific activity of 
NADPH-cytochrome C reductase decreased during cholesterol passage. 
The specific activity of cathepsin B or succinate dehydrogenase 
did not change significantly during CPIB-or cholsterol-passages. 
Further these passages had no effect on the specific activities 
of glucose-6-phosphatase and cytochrome C oxidase. The above 
changes are indicative of the events which the trophozoites undergo 
during the loss or acquisition of virulence of A. culbzAt^oni 
strain A-1 or C-7.. 
(8) The plasma membranes of passaged and unpassaged trophozoites 
of strains A-1 and C-7 were prepared by discontinuous sucrose 
density gradient centrifugation method. The specific activities 
of ouabain-sensitive Na +K -ATPase, Mg -ATPase, Ca -ATPase and 
5'-nucleotidase were higher in the plasma membrane fraction of 
unpassaged trophozoites of strain A-1 than in strain C-7. On 
the other hand the contents of total sugar and sialic acid was 
significantly lower in the plasma membrane of unpassaged tropho-
zoites of strain A-1 than in strain C-7 while there was no signi-
ficant difference in the contents of hexoses and hexosamine of 
the plasma membranes of the two strains (A-l and C-7). 
(9) The specific activities of ouabain-sensitive Na +K -ATPase, 
++ ++ 
Mg -ATPase, Ca -ATPase and 5'-nucleotidase were lower in the 
plasma membrane fraction of CPIB-passaged trophozoites of strain 
A-1 than in unpassaged trophozoites. Further, the contents of 
(iv) 
total sugars and sialic acid were estimated higher in the plasma 
membrane of CPIB-passaged trophozoites of strain A-1 than in 
iinpassaged trophozoites while the contents of hexoses and hexo-
samine did not change significantly. 
(10) The specific activities of ouabain-sensitive Na +K -ATPase, 
Mg -ATPase, Ca -ATPase and 5'-nucleotidase were significantly 
higher in the plasma membrane of cholesterol-passaged trophozoites 
of strain C-7 than in unpassaged trophozoites. The contents of 
total sugars and sialic acid were estimated lower in the plasma 
membrane of cholesterol-passaged trophozoites of strain C-7 than 
in unpassaged trophozoites. No significant change in the contents 
of hexoses and hexosamine of plasma membrane of passaged and 
unpassaged trophozoites of strain C-7 was observed. 
(11) Encystation of A.calbe.At^oni strain A-1 was carried out 
in Mg -taurine encystation medium in which maximum number of 
mature cysts were obtained after 120 hr of incubation. Different 
biochemical events were studied during encystation, as follows: 
(a) The specific activities of 5'-nucleotidase, acid 
phosphatase, acid ribonuclease, cathepsin B and phospho-
lipase A were higher in the mature cysts than in the 
trophozoites while the specific activities of Mg -ATPase, 
glucose-5-phosphatase and cytochrome C oxidase were lower 
in the cysts than in the trophozoites. The microsomal 
(v) 
pigments cytochrome P/rn ^^^ ^c ^^^ activity of succinate 
dehydrogenase were not detected in the cysts while these 
were present in considerable amounts in the trophozoites. 
(b) The activities of lysosomal enzymes, acid phosphatase, 
acid ribonuclease and cathepsin B, were detected in the 
cell-free encystation medium. It could be due to the 
extrusion of lysosomes or fragments of membranes associated 
with lysosomal enzymes. It is not unlikely that at least 
part of the enzyme activities detected in the cell-free 
encystation medium arise out of lysis of encysting cells or 
trophozoites. 
(c) During encystation, protein, total lipids and phos-
pholipids of the trophozoites were degraded while the 
sterols of the trophozoites were transformed into less 
polar and more lipophilic sterols. The carbon fragments 
of total lipids of the trophozoites were incorporated into 
the cellulose of encysting cells. 
(d) During encystation gradual shift in metabolism from the 
operation of TCA-cycle to the glyoxylate pathway was observed 
because a progressive decrease in the activity of isocitrate 
dehydrogenase and a progressive increase in the activity 
of isocitrate lyase, was observed during early hour of 
encystation. This shift of metabolism towards glyoxylate 
(vi) 
pathway would favour incorporation of acetyl-CoA, the end 
product of g-oxidation of fatty acid released from lipids 
of the cells, into the cellulose of encysting cells. Further, 
the encystation was inhibited by glycolate and maleate, 
inhibitors of isocitrate lyase. 
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( i ) 
A B B R E V I A T I O N S 
Chemicals 
ASP-I 
ASP-II 
ATPase 
CPIB 
DNA 
DNase 
DPG 
EDTA 
FFA 
FUdR 
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NAD 
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Alkali-Stable phospholipid I 
Alkali-stable phospholipid II 
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Diphosphatidyl glycerol 
Ethylenediamine tetraacetate 
Free-fatty acids 
Fluorodeoxyuridine 
3-hydroxy-3-methylglutarylcoenzyme A 
Low density lipoproteins 
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Lysophosphatidyl ethanolamine 
Nicotinamide adenine dinucleotide 
Nicotinamide adenine dinucleotide phosphate 
Nicotinamide adenine dinucleotide phosphate, 
reduced form 
Phosphatidyl choline 
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Phosphatidyl inositides 
Phospholipids 
1,4-bis(5-phenyl-2-oxazolyl)benzene 
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Phosphatidyl serine 
Ribonucleic acid 
Ribonuclease 
Sodium dodecyl sulphate 
Trichloroacetic acid 
Total lipids 
Uridine 5'-diphosphate 
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(ii) 
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hr 
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NMR 
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POD 
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PMR 
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GENERAL INTRODUCTION 
Small free-living amoebae belonging to the genera HoAtmanzZZa, 
Ac/mtkaumoQ.bii and Uazglfiia., are known to cause fatal meningoencepha-
litis in man and experimental animals (Butt, 1966; Carter, 1968; 
Chang, 1974; Culbertson, 1971; Culbertson Zt al., 1958; Cursons 
and Brown, 1978; Fowler and Carter, 1965; Martinez Q.t al., 1977; 
Willaert zt aZ., 1978). These are found in soil, fresh water, 
sea water and even in the soil and melt water of Antartica, and 
latex of EaphoAbia (Visvesvara, 1972; incorporated in Visvesvara 
and Balamuth, 1975). DeJonckheere (1981) reported the occurrence 
of pathogenic and nonpathogenic Acanthamozba spp. in thermally 
polluted discharges and surface waters while W. gAabzAi and 
A.a-6tA.onyxiyi were detected in bottled mineral waters collected 
from different parts of Mexico (Rivera Zt aZ., 1981). Acantkamozba 
(recognized by Armstrong and Pereira, 1967; Casemore, 1969; 
Dunnebacke and Williams, 1967; Moore and Hlinka, 1968; Peloux 
zt aZ., 1974; Warhurst and Armstrong, 1968) was also found as 
contaminants of tissue cultures both in routine maintenance 
(Jahnes zt aZ.,1951) and in safety tests of polio vaccine 
(Culbertson zt aZ.,1958: Culbertson Zt aZ., 1959). 
STRUCTURE OF THE TROPHOZOITES OF ACANTHAMOEBA/HARTMANELLA S?, 
The genus HaA.tma.nzZZa. was defined by Singh (1952) as the 
trophozoites with resting nucleus containing a single Feulgen-
negative nucleolus. The nucleolus disappears during mitosis 
and a spindle with chromosomes arranged as an equitorial plate 
is formed, no temporary flagella are produced. Kudo (1954) des-
cribed HaKtmoLYitllaL as small amoebae with well developed ectoplasm, 
a nucleolus and a large endosome. H. t\xtb(LKt^0Yii is round, 12-25 
Aim in diameter (Singh and Das, 1970) . The cells are usually 
uninucleate, though two nuclei are also occasionally found. 
Visvesvara and Balamuth (1975) have demonstrated that the tropho-
zoites of A. dOi^ttltcLnii (Singh and Neff strains), kcoLYithcimozbci 4p. 
(Lilly strain), A. poZypkaga and A. tZAXicoZa. were similar except 
for slight differences in size. The trophozoites of A. a^tfiOYiyxi^ 
and A. tomcLYidoYii resembled other species of this genus, but had 
distinctly large size and broader and thicker acanthopodia. The 
trophozoites of H. \)Q.KmiioKmi^, on the other hand, were clearly 
different from all Kc.a.n.tha.moQ.ba. -iipp. It has characteristic 
limax-like and monopodial locomotion. Bowers and Korn (1958,1973) 
have revealed the fine structure of k.ca.-i>t<LZZanii by electron 
microscope:the presence of acanthopodia, hyalin ectoplasm, golgi 
complex, smooth and rough forms of endoplasmic reticulum, digestive 
vacuoles, mitochondria and contractile vacuoles were identified. 
The possibility of the presence of microsomes and peroxisomes 
like particles in A. ca.-6-te.££an/C-t. have been suggested by Childs 
(1973), Muller and Holier (1967) and Thompson and Schultz (1971). 
Ribosomal particles of A. coL^tzZZanii were characterized by 
Parish and Hall (1972). 
PRIMARY AMOEBIC MENINGOENCEPHALITIS (PAM) 
The amoebae of Nae.gZzA.ia and Acanthamozba have been identified 
as causal agent of meningoencephalitis (Culbertson, 1971;Martinez 
Zt al., 1977; Willaert zt al., 1978). Human PAM infections have 
resulted from contact of the subjects with the amoebae in swimm-
ing pools (Cerva and Nova];: 1958; Jadin zt a.1., 1971), lakes 
(Butt Zt aZ., 1968; Callicott Zt at., 1968; Duma Zt aZ.,1969, 
1971); mineral hot pool (Cursons and Brown, 1975; Mandal zt aZ,, 
1970); thermal streams (Cursons Zt OLZ., 1976; Van Den Driessche 
Zt aZ., 1973); mud (Apley Zt aZ., 1970) and a household water 
supply (Anderson and Jamieson, 1972). Since the first report 
of PAM appeared about two decade ago (Butt, 1966; Carter, 1968; 
Fowler and Carter, 1965), there have been more than 108 cases 
of hi. KZAobia infection alone (John, 1982; Willaert, 1974) and 
more than 15 cases of Acanthamozba have been so far reported 
(see Martinez, 1980) . 
PATHOGENIC SPECIES AND STRAINS 
Sawyer zt aZ. (1977) isolated two species of Acanthamozba 
from marine habitants, A. cuZbzfit^oni and A. hatchztti, both 
pathogenic for mice. A hartmannellid amoeba was found in the 
tissues of dying or dead oysters, but it was thought to be a 
secondary invader of already weakend oyster rather than the 
cause of their sickness (Cheng, 1970). Several species of 
Acanthamozba, A. cuZbzxt^oni (Singh and Das, 1970); A.ca-!itzZZanil 
(Douglas, 1930), A. paZz^tinZn^l^ (Reich, 1933), A. a^itAonyxi^ 
(Ray and Hayes, 1954) have been found to cause fatal human 
meningoencephalitis, as judged by immunofluorescent antibody 
technique and immunoperoxidase test on amoebae infected human 
brain sections (see Martinez, 1980 for references). 
Animal experiments (Culbertson, 1971; Culbertson ei a£.,1958; 
Martinez tt at., 1975) have been reported in mice in which 
A. potyphaga and A.ca-bte.ZZani'i were found to cause amoebic 
pneumonitis followed by encephalitis. Singh and Das (1970) 
and Singh and Hanumaiah (1979)have tested in mice, pathogenicity 
of many species of small free-living amoebae belonging to the 
families of SchizopyAe.nida£. and HaA-tmanzZiidaz, by administrating 
the trophozoites through the intranasal route. A. calbe.xt'toni 
(strain A-1), A. Ah.y^odz6 (Singh, 1952) and A. invadzn^ (Singh 
and Hanumaiah, 1979) were found to be pathogenic, while A.ccu>tzttanii, 
A.polyphaga strains 21 and 24, A. a^itAonyxi^, A. pa.iz^tine.n^i^ and 
K.gZzbaZ were nonpathogenic. There is a great confusion regard-
ing the pathogenicity of some of the species and strains of 
Acanthamoe.ba inoculated intranasally in mice. De Jonckheere 
(1980), Sawyer e.t a.£U982) and Visvesvara zt a£. (1975) found 
that A. potyphaga was nonpathogenic, while five strains of 
A. potyphaga were found to be pathogenic by Grillot and Thomas 
(1981). Similarly A. ca^tziZanii has been found to be pathogenic 
by some workers (Kasprzak e-t at., 1974; Markowitz ei at., 1978) 
and not by others (Pernin and Rainy, 1980).- A. a^tAonyxi^ has 
been reported to be pathogenic by Kasprzak zt at. (1974) while 
De Jonckheere (1980) found it to be nonpathogenic. De Jonckheere 
(1980) have also found A. paZz^tinzn-iti-b to be nonpathogenic. 
Singh and Hanumaiah (1979) found that only one strain of 
A. Ah.y6odZ4) out of five was pathogenic. Culbertson (1971) 
reported a strain of A. Ahy^odz^ (HN-3) to cause chronic glanulo-
matous disease. A. fihy^odz-i> has been reported to be pathogenic 
by Pernin and Rainy (1980) and Hadas <Lt at. (1977). De Jonckheere 
(1980) reported that two strains of A. xhij^odt^ were nonpathogenic. 
A. tutbtfit^oni (Culbertson strain A-1) has been universally re-
cognized to be highly pathogenic. Singh and Hanumaiah (19 79) 
have tested five strains of A .ca£beA-t-6on/t for their pathogenicity, 
three strains were highly pathogenic, one mildly pathogenic and 
one was nonpathogenic. De Jonckheere (1980)found A-1 and HA 
strains of K.cixlbZKt^oni to be pathogenic, while strain KA was 
nonpathogenic. A. hatchztti 4p. isolated by Sawyer zt aZ. (1977) 
from brackish water sediment, was pathogenic. This has been 
confirmed by De Jonckheere (1980). 
MECHANISM OF PATHOGENESIS 
The simplest explanation is that amoebae have appetite for 
nerve tissue, which has been well documented by electronmicros-
copic studies (Martinez at at., 1971; Schuster and Dunnebacke, 
1977; Visvesvara and Callaway, 1974). Ingestion, however, may 
be facilitated by enzymatic cytolysis of host cells or by a 
cytopathic agent released from amoebas that causes cytolysis. 
(a) Enzymatic Cytopathic Effect (CPE) 
The ability and the rapidity with which tissue culture cells 
were destroyed by pathogenic KaanthamoQ-ba and Nae.gle.Aia have been 
generally found to be related to their virulence, avirulent 
amoebae often did not survive when they were introduced into 
tissue culture (Chang, 1971, 1974; Culbertson, 1971; Cursons 
and Brown, 1978; Stevens Zt aZ., 1980; Visvesvara and Balamuth, 
1975) . 
(i) In AcanthcLmotba species 
Production of phospholipases by Acanthdmodba. spp. may explain 
their destructive potential (Hax e-t at., 1974; Victoria and Korn, 
1975; Visvesvara and Balamuth, 1975). Visvesvara and Balamuth 
(1975) have reported high level of phospholipase and higher 
cytopathic effect (CPE) in pathogenic Acanthamozba sp. (Lilly 
A-1 strain) than nonpathogenic A. ca^tzttanii (Singh and Neff 
strain). Phospholipase was also released by intact amoeba into 
the medium, the crude enzyme was prepared from 6-day old amoeba 
culture supernatants. Crude enzyme preparation of pathogenic 
Acanthamoe-ba sp. initiated CPE in monkey kidney cells within 24 hr 
of addition while that of nonpathogenic A. ca^tzZtcLnli was less 
effective in producing CPE; higher concentrations of crude material 
were required to demonstrate lysis. A lecithinase was also iso-
lated from a culture supernatant of an Acanthamozba initially 
described as a lipogenic virus in tissue cultures (Chang zt at., 
1966). The enzyme was heat stable, with a pH optima of 8.6 
(Elson zt aH. , 1970). Upon addition to mammalian cell cultures, 
the enzyme caused rounding of cells and accumulation of fat 
droplets, possibly because of its effect upon cell phospholipids. 
Lai and Garg (1979), in the course of their studies on host-
parasite relationships in meningoencephalitic mouse, have demon-
strated the role of phospholipase A and sphingomyelinase in 
pathogenicity of H. cuZbZAt^oni (renamed A. culbzAt^oni, Singh 
and Das, 1970). They have reported the elaboration of phospho-
lipase A and sphingomyelinase activities in brain infected with 
the pathogen and degradation of phopsphatidyl choline, phosphatidyl 
serine and sphingomyelin of the host brain, the resulting free-
fatty acids were not reacylated but were partly accumulated 
and partially undergone lipid peroxidation. 
High level of phospholipase A activity in the trophozoites 
as well as in the cell-free supernatant medium, obtained from 
amoebic culture, was reported in the case of pathogenic amoebae, 
A. cuZbe^At^oni (strain A-1) and A. Ahy^ode.^ (strain R-3) , than 
in the case of nonpathogenic amoeba, A.caZbdAt^oni (strains C-2, 
C-6 and C-7) , A. A.ky.6odt^ (strains R-5 and R-7) , A. palz^tinzn^i^ 
and A. polyphaga (Misra at at., 1983). All the strains of 
A. culbzAt'i>oni gave two pH optima at pH 4.0 and 8.5 while the 
strains of K.Khy^odo.^ gave pH optima at pH 4.5 and 1 .S .k.paZoJttinzyui^ 
and A. polyphaga. exhibited only one pH optima at pH 7.5 and 7.0, 
respectively. The enzyme activity of all the strains of A.xhy^odUi 
which gave pH optima at 7.5 was activated by Ca (1-5 mM) and 
inhibited by EDTA but the enzyme activity with pH optima at 4.5 
was not sensitive to Ca or EDTA. There was no effect of Ca 
or EDTA on the enzyme activity of rest of the species and strains 
of Acanthamodboi. Misra and Garg (1982) have reported that the 
maximum phospholipase A activity was foiand in 96 hr old culture, 
54% in the culture medium and 45% in the trophozoites of 
A. cuZbO-At-ioni strain A-1. The crude enzyme was stable at 60 C 
upto 30 min and was insensitive to Ca , EDTA and p-chloromercuri-
benzoate while it was activated by trypsin, triton, deoxycholate, 
freezing and thawing and sonication. The maximum enzyme activity 
of the trophozoites was located in mitichondrial + lysosomal 
fraction (50.3%). More recently, Misra Zt alil98b) have purified 
the phospholipase A of A. cuZbzAt^onl strain A-1 to homogenity 
by heat-denaturation, ammonium sulphate fractionation and column 
chromatography on sephadex G-200. About 80% activity of total 
homogenate was recovered in 45-65% saturated ammonium sulphate 
fractionation which was resolved into 4 major peaks on sephadex 
G-200, peak-I exhibited 81% of enzyme activity. The purity of 
enzyme containing peak was established by polyacrylamide gel 
electrophoresis which gave two bands A &B. Both the bands 
exhibited phospholipase A„ activity which was established by 
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using labelled substrate, 1-palmitoyl 2- C-palmitoyl phosphatidyl-
choline. The enzyme from band A had pH and temperature optima 
at 8.4 and 40°C while that of band B had pH and temperature 
optima at 4.2 and 35 C. Phospholipase A of band A and B was 
insensitive to p-chloromercuribenzoate while the enzyme of only 
band B was sensitive to Ca 
(ii) In HoL<LQZloifila species 
When the amoebae of HaQ.QQ.laA-La sp. were added directly 
to tissue cell cultures, they, in addition to producing CPE, 
ingested cells in the monolayers, ultimately leading to a plate 
surface covered with amoebae. The conclusion to be drawn from 
these studies is that amoebae release extracellular lipolytic 
enzymes into the culture supernatant that cause lysis of tissue 
culture monolayers. If, in addition to lytic enzymes, amoebae 
were present in the tissue culture, feeding on dead or dying 
cells occured. Such feeding has been demonstrated by Visvesvara 
and Callaway (1974). Cursons tt al. (1978) detected phospho-
lipase A and B in culture supernatants of different strains of 
hlazgiZAia, the pathogenic strains produced greater amounts of 
phospholipase A than nonpathogenic strains. Employing cine-
photomicrography to study pathogenic hlaO-gld^ia in secondary 
mouse embryo cell cultures. Brown (1978) concluded that cell 
destruction resulted from phagocytic behaviour of the amoebae. 
No evidence of cytopathic, cytotoxic, or cytolytic agents were 
detected. 
(b) Non-enzymic Cytopathic effect (CPE) 
hlaQ.gtZAia amoeba cytopathic material (NACM) has been found 
in cell-free filtrates of lysed HaZQldAia. which caused CPE in 
secondary cultures of chick embryo fibroblasts, rat glioma 
cells, human embryonic brain cells and He La cells (Dunnebacke 
and Schuster, 1971, 1974; Schuster and Dunnebacke, 1976). Unlike 
the previously described enzyme-mediated CPE which occurred 
within 24 hr, NACM-induced CPE required 4-6 days (depending 
upon the cell line used). Prior to occurrence of CPE the cell 
sheet was normal in appearance, then, within less than 24 hr. 
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complete destruction of the monolayer occurred with extensive 
cell blebbing and lysis. Amoebic contamination was ruled out 
by sterility testing for amoebae and by passage of the amoebic 
lysate through 0.22 Aim and molecular filters. Particles, virus 
or otherwise were not detected when cytopathic cells were examined 
in the electron microscope (Schuster and Dunnebacke, 19 74). 
NACM has been partially purified by column chromatography 
and characterized (Dunnebacke and Schuster, 1977). It has a 
molecular weight of about 50,000 and was UV-insensitive. Crude 
NACM resisted digestion against proteolytic enzymes, DNase 
and RNase. Papain and pronase inactivated it. Cold storage 
did not destroy its activity, either for 12 months at 2 C or 
for 18 months at -20 C, complete inactivation occurred at 100 C 
after 5 min; decrease in activity occurred after 2 4 hr at 
37°C. Ultracentrifugation (100,000 g for 4 hr) failed to sedi-
ment biologically active NACM. Isoelectric focusing indicated 
that NACM was an acid protein (Dunnebacke and Schuster, 1978) . 
Ability to passage NACM and produce CPE, in conjunction with 
its partial inactivation at 37 C, was taken as evidence of 
replication of the agent in the tissue culture systems. The 
possibility that NACM was an enzyme or a toxin is ruled out, 
because of its specifd/ty for certain lines of tissue culture 
cells and not others (e.g. rabbit kidney), the several-day latent 
period before the onset of CPE in cultures, and its apparent 
ability to replicate in tissue culture cells prior to the 
occurrence of CPE. 
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There is paucity of information on such toxin(s) in pathogenic 
free-living amoeba of Acanthamo^ba spp. However, while studying 
biochemical changes in the mouse brain infected •withH.caZbeJit^oni 
lA. culbZAt-ionyi) Lai and Garg (1979) obtained circumstantial 
evidence for the elaboration of toxic substance (s) which impaired 
mitochondrial function in host brain. Gaur and Garg (1984) 
have reported the presence of a RBC-lytic factor in the tropho-
zoites of both pathogenic (A-1 strain) and nonpathogenic (C-7 
strain) A. culbzAt^oni. The lytic factor was secreted into the 
culture medium of pathogenic amoeba and not in nonpathogenic 
amoeba. This factor was found to be heat-labile at 60 C for 
30 min with a pH optima at 6.0 at which no phospholipase A 
activity was detected which was detected only at pH 4.0 and 8.5. 
More recently Gaur e-t at. (1986) have purified and characterized 
the heat-labile RBC-lytic factor from cell-free culture super-
natant of A.culbe.Atson.'i .(strain A-1). The purified lytic 
factor was characterised as glycoprotein (mol. wt. 28 kd) which 
contained 38.2 ^g total carbohydrates, 3.9 jdg hexoses, 1.4 jug 
hexosamine and 0.66 jag sialic acid per mg protein. The RBC-lytic 
++ 
activity was insensitive to Ca (1-10 mM) and EDTA (2-100 JJM) 
but was heat-labile at 60 C for 30 min. The purified glyco-
protein, in vitAo, caused lysis of rabbit RBC at pH 6.0 and 
swelling of isolated mitochondria of mouse brain. No phospho-
lipase A, acid phosphatase and acid ribonuclease activity was 
detected in the glycoprotein, however, certain amount of neutral 
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protease activity was detected. An increase in activity of total 
ATPases and decrease in activity of acetylcholine esterase was 
reported in RBC-ghosts treated with the glycoprotein while the 
activity of ATPases was increased and that of succinate dehydro-
genase decreased when the mitochondrial fraction of normal 
mouse brain was treated with it. A similar RBC-lytic factor 
was reported in cytosol fraction of the mouse brain infected 
with A. cuZbZAt^oyi'i (strain A-1) which was not present in 
normal mouse brain. Both these RBC-lytic factors were reported 
to be immunogenic and its antiserum neutralised its RBC-lytic 
activity. 
AXENIC CULTIVATION 
Bacteria-free culture of H.ca^tzilanii was first obtained 
by Cailleau (1933), the amoeba grew osmotrophically on non-
particulate, carbohydrate-free medium consisting of 2% peptone. 
The amoeba could synthesize vitamin B, from prymidine which had 
to be exogenously added to stimulate growth (Lwoff, 1938). Neff 
(1957) and Neff zt al. (1958) found that proteose-peptone was 
a satisfactory nitrogen source and of the various carbon sources 
tested, glucose supported the heaviest growth of Acanthamoe.ba, 
the sugar was utilized at a slow rate. Working with A.coui>te.ttanli, 
strain HR, and employing labelled glucose. Band (1959) demons-
trated, however, that glucose was actively assimilated and 
served as energy source during growth. McVeigh (1955) found 
that thiamin was essential for growth along with glucose. A 
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mediiom consisting of 18 amino acids, acetate as carbon source, 
and vitamin B^_ and thiamine was used by Adam (1959) for culti-
vation of A. cicLyi>te.ZZanii. Higher concentrations of glucose 
could replace acetate in defined medium. Growth was similar 
as in peptone medium but was rather slow. Band (1961, 1962) 
demonstrated a requirement for biotin and devised a medium 
composed of seven amino acids, glucose as a carbon source, 
vitamin B „, thiamine and biotin. Adam (1964) confirmed the 
requirement for biotin, and Adam and Blewett (1967) further 
refined the Acanthamozba medium to 5 of the 10 essential amino 
acids plus glycine, and an energy source. The various strains 
of Acanthamozba differed in their ability to utilize the carbo-
hydrate sources added. The type of carbon source added to the 
medium had a modified effect on the amino acid requirements 
(Dolphin, 1976). With acetate, instead of glucose, as sole 
carbon source, glycine was required. Dense populations of 
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A. ca-i>t<iZtcinA.i (3 x 10 amoeba/ml) were produced by Jensemt al.. 
(1970), who used a peptone-yeast extract-glucose medium and 
shaking. Kaushal and Shukla (1975) have successfully developed 
a liquid growth medium for H. calbe.At^oni [A. culbzA.t^oni] , con-
sisting of 2% (w/v) peptone, 0.5% (w/v) sodium chloride, thiamin 
(10 mg/1) and cyanocobalamine (5 jug/1) . 
ENCYSTATION 
The environment for the aerobic small free-living amoeba 
as might be expected, has wide fluctuation in growth conditions: 
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cycling from dry to wet, and back to dry, and an abundant bacterial 
food supply followed by food scarcity. Thus, the survival of soil 
amoeba required some means by which they can pass from one period 
of favourable growth conditions to the next. The dilemma was 
resolved quite easily for these organisms with the formation of 
a thick-walled cyst or dormant stage which protected them against 
desication and insufficiency of food. Cysts were also formed 
in liquid media, so drying alone could not be a trigger for 
encystment, and in amoebae growing on agar surfaces cyst formation 
occurred with depletion of the bacterial food supply. Other 
factors that may influence encystment were pH changes, and crowd-
ing of cells in culture (Band, 1963; Band and Mohrlok, 1969; 
Griffiths, 1970; Kaushal and Shukla, 1975; Neff at a.1. , 1964; 
Weisman, 1976). Neff and Neff (1969) generalized the encystation 
of Acantfiamoefaa sp. as (1) initiated by depletion (or absence) 
of some factor (s) in the medium, (2) occurred in the absence of 
an exogenous energy supply and/or metabolites and (3) an example 
of single-cell differentiation. 
ENCYSTATION MEDIA 
Band (1963) developed a defined liquid encystment medium 
for H. Ahy^odz^. In this medium the conditions necessary for 
optimal encystment were an increase in osmotic pressure, a 
decrease in carbon source ( for example, sugar and fatty acids) 
++ ++ 
and the presence of oxygen and divalent salts like Mg and Ca 
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Nutrients essential for growth, other than glucose, had no effect 
on encystation. Prestarvation of cells in growth medium with 
a 10-fold reduction in glucose enhances encystation of amoeba 
(Band and Mohrlok, 1969). Neff at al. (1964) have designed two 
different encystment media for HaAtmanO-Zta sp. In one, pH was 
maintained constant during encystment in the medium, containing 
KCl or NaCl, amine buffer, MgSO , CaCl^ and NaHCO^ while in 
other there was progressive increase in pH during encystment in 
a medium containing approximately the same constituents. They 
have emphasized the role of divalent cations, aeration, temper-
ature and hydrogen ion concentration during encystation. Diff-
erences may exist among the various species and strains of 
HafitmaYitita. with regard to response to various types of encyst-
ment media employed (Griffiths and Hughes, 1968) because the 
agents that caused encystation in H. Aht//iode.4 and HaKtmoiVKliloi 
sp. were unsuitable for the production of cysts in H.ca-btQ.tlciYii.i. 
These workers were able to produce (90%) cysts of this amoeba 
in the replacement medium containing only magnesium chloride 
(10 mM to 1.0 M). 
Raizada and Krishna Murti (1971a) found that the liquid 
replacement media discussed above were unsatisfactory for trans-
forming exenically grown H. cutbe.At-ioyi'i into mature cysts. These 
workers reported that 80-90% amoebae encysted in 72 hr of 
incubation at 27 C when trophozoites were transferred to non-
nutrient agar containing 15 mM magnesium chloride and 20 mM 
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taurine in Petri-dishes. A liquid encystation medium for 
H. culbzAt^onA, was developed by Kaushal and Shukal (1975) . This 
medium was consisted of 15 mM MgCl , 86 mM NaCl and 20 mM 
taurine, 80-90% encystation was obtained in 96 hr of incubation 
at 28°C under constant shaking. 
BIOCHEMICAL CHANGES DURING ENCYSTATION 
The biochemical changes, during encystation of Acanthamozba 
sp., are reported to be the degradation of protein, glycogen, 
lipid, RNA and DNA; activation of hydrolytic enzymes; decrease 
in respiration, oxidative and phosphorylating ability and acti-
vities of tricarboxylic acid-cycle enzymes; appearance of 
cellulose, the cyst wall constituent and many fold increase in 
cellulose synthesizing system which was difficult to detect 
in trophozoites (Bowers and Korn, 1969; Byers et a£./1969; 
Edward and Lloyd, 1977; Griffiths and Bowen, 1969; Griffiths 
and Hughes, 1968, 1969; Griffiths e.t a£,,1967; Martin and Byers, 
1976; 1977; Meyers and Jensen, 1967; Neff and Neff, 1969; Neff 
e-t al., 1964; Potter and Weisman, 1971, 1972; Raizada and 
Krishna Murti, 1971a,b; 1972a,b; Rubin et al., 1976; Rudick and 
Weisman 1973; Stevens and Pachler, 1973; Stewart and Weisman, 
1972; Weisman e.t at., 1970). These findings suggested that 
during encystment, there was a metabolic switchover of the 
enzyme machinery towards biosynthesis of the cyst-wall consti-
tuents than towards aerobic breakdown of carbohydrates. 
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Based on the ability of mitomycin C, fluorodeoxyuridine 
(FUdR), and Trenimon to induce encystation of A.ca^tzlZanii, 
Neff and Neff (1969, 1972) suggested that the blockage of DNA 
synthesis serves as a signal for encystment, during which DNA 
synthesis was decreased (Rudick, 1971). 
The extensive work on encystation of H. cutbZAtyboni was 
carried out by Krishna Murti (1975) and Raizada and Krishna Murti 
(1971b, 1972a,b) who showed that cyclic adenosine 3',5'-mono-
phosphate (cAMP) induced the encystation to the same extent as 
Mg + taurine has induced, the cAMP induced encystation was 
inhibited by actinomycin D and cyclohexamide. These workers 
have also demonstrated that induction of encystation in 
presence of taurine was due to binding of taurine on membrane 
of amoeba which activated the membrane-bound adenylate cyclase 
resulting in increased synthesis of cAMP. The binding of 
taurine on membrane was significantly more in presence of Mg 
while it was inhibited by cycloheximide which also inhibited 
encystation. Theophylline, a known inhibitor of phosphodiesterase 
caused induction of encystation. Thus the biochemical events 
that are triggered during differentiation are presumably regulated 
by the relative concentrations of cAMP and the phosphodiesterase 
activity which decreased during encystation. 
In view of the fact that lipids are the important structural 
and functional constituents of biological membranes and membran-
ous organelles such as the plasma membrane, mitochondria, micro-
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somes and golgi complex and that the structural changes take 
place in the organelles during encystation, a study on the changes 
in the lipid composition during encystation assumes relevance and 
significance. A survey of literature reveals paucity of infor-
mation in this area, however, certain fragmentary reports are 
available. 
PLAN OF WORK 
Three aspects of lipid metabolism of AcanthcLmoe.ba spp. have 
been systematically studied in this dissertation. 
1. Phospholipid and sterol composition of various strains and 
species of Acanthamozba in relation to their virulence. 
2. Effect of manipulating sterol metabolism by growing the 
trophozoites in presence of cholesterol (the major sterol 
of host brain - the target tissue infection) and chloro-
phenoxyisobutyrate, an inhibitor of sterol biosynthesis, 
on (a) virulence, (b) lipid composition and enzyme make up 
of trophozoites and (c) characters of the isolated plasma 
membrane. 
3. (a) lipid changes during encystation induced by Mg and 
taurine in liquid encystation medium, (b) changes and 
extrusion of enzyme activities associated with plasma 
membrane, mitochondria, lysosomes and microsomes,(c) incor-
poration of the carbon fragments of the lipid into the cyst 
wall constituents, (d) changes in the activities of isocitrate 
dehydrogenase (enzyme of TCA-cycle) and isocitrate lyase 
(enzyme of glyoxylate pathway) and (e) effect of inhibitors 
of isocitrate lyase on encystation were studied. 
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CHAPTER-I 
LIPID COMPOSITION IN RELATION TO VIRULENCE 
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1.1 INTRODUCTION 
PHOSPHOLIPIDS 
Hack Zt OLZ. (1952) have reported the occurrence of neutral 
lipids and various phospholipids viz., cardiolipin, phosphatidyl 
ethanolamine (PE), phosphatidyl serine (PS), phosphatidyl choline 
(PC) and inositides along with very little ethanolamine plasma-
logen in the aerobic soil amoeba of ^ca.nthamo^ba sp. Halevy 
and Finkelstein (1965) studied the lipid constituents of 
H. Khy^odZyb, Acanthamozboi sp. and ^ayoAZlZa. patz^tinQ-n^ii. The 
lipid extract of H. xhy^odz^ was shown to contain: 2 3.8 jug 
sterol, 10.5 ug glycerol and 2.0 jug free fatty acids per mg 
protein. The corresponding values for Kc.Ointka.moQ.ba sp. were 
21.4 jug, 5.6 /ag and 1.6 jag respectively and for M. paZe.^t*-ne.nsi.i, 
they were 17.3 yig, 2.5 ^g and 2.6 ^9 respectively. The detailed 
studies on lipid composition of Acanthamozba (Neff) was carried 
out by Ulsamer Zt atil969). The lipids of Acanthamozba was con-
sisted of 52% neutral lipid and 48% polar lipid. Triglycerides 
accounted for 75% and free sterol for 17% of the neutral lipid. 
The major phospholipids were PC (45%), PE (33%), PS (10%), phos-
phatidyl inositides (PI) (6%), diphosphatidyl glycerol (DPG)(4%) 
and an unique phospholipid which contained fatty acid, aldehyde, 
inositol and phosphate in the ratio of 1.4:0.5:1:1, but did not 
contain glycerol. 
Lai and Garg (1980) studied the lipid composition of highly 
pathogenic H. dalbzKt^onl (Singh and Das, 1970) and reported 13.3 mg 
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protein, 4.3 mg total lipids, 1.96 mg phospholipid and 2.3 mg 
g 
neutral lipid per 10 cells. The neutral lipid consisted of 
30.0 ;Lig sterol and 3.1 jug free-fatty acids per mg protein. The 
major phospholipids were (32.4 ;ag) PC, (30.5 jag) PE, (21.6 ;ag) 
lysophosphatidyl choline (LPC) and (16.4 ug) lysophosphatidyl 
ethanolamine (LPE). The two unidentified phospholipids, not 
reported earlier in Aca.nthamozba,of rf 0.72 and 0.81 in chloro-
form: methanol: water (65:25:4) were also detected, the slower mov-
ing phospholipid (rf 0.72) gave positive reaction with Dragendroff's 
reagent while the faster moving phospholipid (rf 0.81) gave 
positive reaction with ninhydrin. Both these phospholipids were 
stable towards alkali-hydrolysis. Thus,these phospholipids were 
tentatively characterised as alkali-stable phospholipid I(ASP-I, 
rf 0.72) (Choline positive) and alkali-stable phospholipid II 
(ASP-II, rf 0.81) (ethanolamine positive). They accounted for 
30% of total phospholipids. Sphingomyelin, cardiolipin and 
phosphatidyl inositides were not detected. 
FATTY ACIDS 
The fatty acid composition of Acanthamozba sp and H.Ahy^ode.^ 
was reported by Ulsamer e.t at. (1969) . The following fatty acids: 
^14:0' *^16:0' *^16:1' *^18:0'*^18: 1' ^18:2' ^20:1' *^20:2' ^20:3 ^^^ 
C . were present in all major lipids viz.,DPG, PI, PS, PE, PC 
and di- and tri-glycerides of amoeba. Quantitatively C,„ , fatty 
jL o : J. 
acid was the major fatty acid in all the lipid classes. Fatty 
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acids of chain length higher than C were predominant in the 
phospholipids than in di- or tri-glycerides. Saturated fatty-
acids C, . -, CT , „, C-- ^ accovanted for nearly 20% in the di-
14:0 16:0 18:0 
and tri-glycerides while in the phospholipids, these fatty acids 
constituted 4-19%. Lai and Garg (1980) have also reported that 
quantitatively C^- , was the predominant fatty acid of phos-
pholipid fraction (91.5% of total fatty acid present); free-fatty 
acids (68.4%) and neutral lipid (75.3%). Korn (1963) reported 
that the principle fatty acids of Acanthamo2.a. sp. were C . , 
"^16:0' ^16:1' "^18:0' ^18:1' ^18:2' '^20:1' ^20:2' ^20:3 ^"'^^20:4' 
The contents of C,,,,, C.^ , C _ _ and C^Q.-J fatty acids 
decreased when the amoeba was grown at higher temperature but 
there was a considerable increase in the contents of C^„ ., C^„ ^ 
18:0 18:1 
and C - , fatty acids. 
STEROLS 
Halevy and Finkelstein (1965) reported the presence of free-
sterol in the total lipids of H. Khy^odiii because almost all the 
sterol was precipitated by digitonin, uncontaminated with other 
lipid components. On the basis of Leiberman-Burchardt (LB) 
reaction, mobility on TLC, UV- and IR-absorption spectra and 
melting point, the sterol appeared identical to ergosterol. Later, 
Halevy at alLl9be) resolved the sterols of H. Ahy^odz^ and 
JH. pale.^tA.nzn-i>A^^ into five sterol peaks by gas liquid chromato-
graphy (GLC). On the basis of relative retention times of the 
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peaks, two were identified as ergosterol and stibmasterol. The 
major sterols of H. A.h.y4iodZ4> was ergosterol and another sterol 
of greater retention time. While the major sterols of M.paZz^tAj^zn^iA 
were stigmasterol, ergosterol and another sterols of highest re-
tention time. Smith and Korn (1968) crystallized the sterols of 
Acanthamoe.ba (Neff) from its neutral lipid fraction. These were 
resolved into two peaks on GLC. The faster-moving compoiind had 
a retention time identical with that of ergosterol and the slower 
compound had a retention time less than that of stigmasterol. 
Further identification of amoebic sterol was done by UV- and IR-
spectral analysis and reaction with LB-reagent. These studies 
confirmed the presence of ergosterol in the mixture because the 
presence of peak 282 mja in UV-spectrum and the fast reaction of 
sterol with LB-reagent were the characteristics of 5,7-diene 
sterols while the absorption band at 970 cm" in IR-spectra 
indicated the presence of tAan^ double bond in the sterol side 
chain. The identifications were further established by mass 
spectral analysis. The sterol emerging earlier on GLC showed a 
parent peak at m/e 396 and a fragmentation pattern identical with 
that of ergosterol while the slower-moving sterol showed a parent 
peak at m/e 410, consistent with its being a homologue of ergo-
sterol with an extra methylene group in the side chain. The mass 
spectrum of this compound was almost identical with that of 
synthetic 7-dehydrostigmasterol. The similar steroidal nucleus 
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of the two sterols was confirmed by the presence of the mass peaks 
of two sterols after removal of the side chain (m/e 271 and 253). 
The identity of the sterols as ergosterol and 7-dehydrostigmas-
terol was further supported by comparison of the GLC retention 
times of the two sterols and their trimethyl silyl ethers with 
those of appropriate standards in two different systems as well 
as GLC and mass spectral analysis of degradative products of the 
sterol side chain. 
LIPIDS OF SUBCELLULAR FRACTIONS 
Lai and Garg (1980) have studied the lipid composition of 
different subcellular fractions of H. calbzn.t-i>oni and reported 
phosphatidyl choline and phosphatidyl ethanolamine as the major 
phospholipids of the nuclear fraction. The predominant 
phospholipids of the mithochondrial fraction were phosphatidyl 
choline, phosphatidyl ethanolamine and choline plasmalogens, 
whereas choline- and ethanolamine-plasmalogens were predominant 
phospholipids of the microsomal fraction. The cytosol fraction 
contained 45.0% lysophosphatidyl choline, 25.0% lysophosphatidyl 
ethanolamine and 70.6% fatty acids of total homogenate. 
The above literature survey bears out that a detailed and 
systematic work on the phospholipids and sterols composition 
of various strains and species of virulent and avirulent free-
living amoeba is still not available. Therefore, the phospho-
lipid composition and sterol contents of virulent free-living 
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amoebae (A. cuibzAt^oni strain A-1 and A. fihy^odz^ strain R-3) 
and avirulent free-living amoebae (A. cuZbzAt-itOnl strains 
C-2, C-6 and C-7; A. Khy^odz^ strains R-5 and R-7; k.poJiz^iunZYUU, 
end A.poiyphaga.) has been studied with a view to find out if lipid 
composition is in anyway connected with the virulence. In 
addition chemical characterisation of the sterols of virulent 
strain A-1 and avirulent strain C-7 of A. cutbZAt^oni has been 
carried out. The results are reported in the following pages. 
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1.2 MATERIALS AND METHODS 
AXENIC CULTIVATION OF AMOEBAE 
A. cuZbzAt^oni strains C-2, C-6 and C-7; A. Khy-tiOdQ.^ strains 
R-3, R-5 and R-7; A. polyphaga and A. palz^timn^l^ were main-
tained axenically in the modified medium of Visvesvara and 
Balamuth (1975); 2% peptone, 0.2% yeast extract, 1.8% glucose, 
0.01% MgSO .7H O, 0.005% CaCl2, 0.1% sodium citrate (Na^C^H^O^. 
2H2O), 0.02% Fe(NH ) (S0.)2 6H2O, 0.036% KH2PO and 0.035% 
Na2HP0..7H 0 (w/v) ; pH adjusted to 7.0 with NaOH. A.calbQ.xt^onl 
strain A-1 was maintained axenically in medium containing 2% 
peptone, 0.5% sodium chloride, 1 mg/100 ml thiamin and 0.6 lag/ 
100 ml cyanocobalamine, pH adjusted to 7.0 with NaOH (Kaushal 
and Shukla, 1975). 
The cultures were maintained in Roux bottles (tightly 
plucked and sterilized) containing 100 ml sterile medium. Sub-
cultures were made by transferring approximately 10 ml (contain-
7 
ing 2 X 10 cells) of seven day old culture to respective Roux 
bottles. These were incubated at 37 j^  2 C for A. culb^Ationi 
strain A-1 and C-7, for A. fihy^odt^ strains R-5, R-3 and R-7 
and at 28 j^  2 °c for A. culbZKt-boni strains C-2 and C-6 and 
A. patz^tinO-n^l-i) and A. poZyphaga. For large-scale cultivation 
25 ml of seven day old culture was inoculated aseptically into 
1 litre Erlenmeyer flasks containing 300 ml autoclaved growth 
34 
medium. These were then incubated at respective temperatures in 
a rotary shaker (Emenvee Engineers, Poona, India). 
HARVESTING OF THE TROPHOZOITES 
The cells were harvested at optimal growth period by centri-
fugation at 2000 g for 20 min at room temperature (optimal growth 
period for A. cuZbe.Atyioni strains A-1 and C-7, A. Ahy^odz-i strains 
R-3, R-5 and R-7 was 96 hr and for A. aulbZAt^oni strains C-2 
and C-6, A. palz^timn^i^ and A. polyphaga was 120 hr) . The pellet 
was washed thrice with normal saline. The number of trophozoites 
in cultures was counted in a light microscope (Olympus, OIC, 
Japan) using haemocytometer (Bright Line, Erma, Tokyo, Japan). 
PATHOGENICITY 
Albino mice (10-15 g), maintained in the Animal House 
of the Central Drug Research Institute, Lucknow, were used. Before 
testing the pathogenicity of a strain it was subcultured every 
24 hr. Young and actively multiplying amoebae of 18-20 hr growth 
were harvested and suspended in sterile normal saline. The mice 
were anaesthetized with ether and 0.02 ml of the amoebic suspen-
sion, containing about 20,000 trophozoites, was given intranasally 
and intracerebrally to each mouse. The mice which developed 
typical symptoms of meningoencephalitis were killed and cultures 
of amoebae were made from their brain tissue on E, coZi non-
nutrient agar plates. Smear preparations were also made from 
brain to locate motile amoebae which were examined under micro-
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scope. Mice which survived after 21 days of infection were 
also killed and cultures for amoebae from brain were made as 
above. 
CHEMICAL ANALYSIS 
The suspension of trophozoites was homogenised in Potter 
Elvehjem glass homogeniser fitted with a teflon pestle at 0-4 C. 
The complete disruption of the cells was monitored under light 
microscope. Protein was estimated by the method of Lowvy C-t a£-. 
(1951) using bovine serum albumin as standard. 
Total lipids of the trophozoites were extracted according 
to Folch Q.t aZ. (1951). Twenty volumes of chloroform: methanol 
(2:1, v/v) were added to the homogenate of the trophozoites. The 
suspension was filtered through sintered glass funnel (porosity 
G-3) and the residue was washed two times with 10 volumes of 
chloroform-methanol. The chloroform-methanol extract and the 
washings were pooled and washed three times with 1/lOth, l/15th 
and l/20th volumes of normal saline, respectively. The chloro-
form-methanol phase was concentrated -en vacuo to constant weight 
and the lipid samples were stored under nitrogen at 0 C. 
Phosphorpus and total sterols in the total lipids were 
estimated according to Wagner Q.t a£.(1962) and Zlatkis et aHl953) , 
respectively. 
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RESOLUTION AND ASSAY OF INDIVIDUAL PHOSPHOLIPIDS 
Thin layer chromatography (TLC) of the phospholipids was 
carried out on activated plates of silica gel G (0.2 mm thick). 
100 ml solution of total lipid in chloroform (containing 4-8 yxg 
lipid P) was applied on to the plates, which were first developed 
in acetone-benzene (4:6, v/v), whereby, the neutral lipids moved 
almost along with the solvent front and phospholipids remained 
at the origin. The plates were dried at 40 C and redeveloped 
in chloroform:methanol:7M ammonium hydroxide (230:90:15, v/v). 
Standard authentic phospholipids (lysophosphatidyl choline, lyso-
phosphatidyl ethanolamine, phosphatidyl choline, phosphatidyl 
ethanolamine, phosphatidyl serine, phosphatidyl inositides and 
sphingomyelin; CSIR Centre for Biochemicals, V.P. Chest Institute 
Building, Delhi University Campus, New Delhi) were simultaneously 
run. The spots of the phospholipids were detected by exposure 
to iodine vapours, marked with a sharp needle and the plates 
were kept at 80 C for 10 min to remove iodine. The marked spots 
were sprayed with Vaskovsky and Kostetsky's reagent (1968) to 
detect the phosphorous; 0.4% (w/v) ninhydrin in acetone:lutidine 
(9:1, v/v) for serine- and ethanolamine-phospholipids and 
Dragendrof f' s reagent (Wagner e.t at., 1961) for choline contain-
ing phospholipids. Individual phospholipids were identified on 
the basis of comparison of their mobility and spray reactions 
with simultaneously run standard phospholipids. 
Silica gel from the iodine marked spots of phospholipids 
(after removing iodine) was scraped and digested with 0.5 ml of 
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10% perchloric acid at 180°C for 2 hr, the corresponding blanks 
of silica gel, reagent blank and a standard sample of KH PO. 
were simultaneously run. Phosphorous in the digested samples 
was estimated according to Wagner Zt aZ. (1962). The recovery 
of phosphorous on TLC was in the range of 85-90%. 
IDENTIFICATION OF STEROLS 
(a) Estimation and resolution on TLC 
The total lipid (100-200 mg) was refluxed with 5 ml alcoholic 
sodium hydroxide (10?^  w/v) for 1 hr. The saponified liquor was 
cooled and diluted with equal volume of water and extracted three 
times with 15 ml aliquots of solvent ether (in cold). The ether 
extract was washed with water till neutral to litmus, dried over 
anhydrous sodium sulphate and concentrated in vacuo. This gave 
the non-saponifiable fraction. 
Thin layer chromatography of the non-saponifiable fraction 
was carried out on activated plates of silica gel G (0.2 mm thick), 
100 jul of 5 mg/ml solution of non-saponifiable fraction in chloro-
form was applied along with authentic sample of cholesterol or 
ergosterol on the plates which were developed in dichloromethane: 
acetone (19:1, v/v). The spots were detected by spraying with 
orthophosphoric acid:water (1:1, v/v) and heating the sprayed 
plates at 110°C for 5 min. The silica gel from the unsprayed 
zones of various LB-positive spots was scraped and eluted with 
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chloroform. Sterol contents of individual spots were estimated 
in the elufces according to Zlatkis e.t a£. (1953) . The prepara-
tive TLC of total non-saponifiable lipids of trophozoites was 
carried out on silica gel G plates (0.5 mm thick) in dichloro-
methane:acetone (19:1, v/v). The silica gel from the unsprayed 
zones corresponding to authentic sample of cholesterol or ergo-
sterol (rf 0.438) and faster moving spot (rf 0.49) were scraped 
and eluted with chloroform and proceeded for identification of 
sterol(s) in the eluates. 
(b) The preparation and separation of sterol-acetate on TLC 
The total non-saponifiable fraction of trophozoite was 
subjected to repeated crystallization with methanol. This 
crystalline fraction was acetylated with acetic anhydride and 
pyridine at room temperature and left overnight. The reaction 
mixture was heated on water bath for 2 hr, cooled and poured 
over crushed ice. The precipitate was filtered washed with 
water to make free from any acid. The resultant residue was 
applied on preparative TLC on argentic plates (impregnated with 
5% silver nitrate) which resolved into two major and one minor 
spots. These spots were eluted with chloroform and proceeded 
for further identification. 
(c) High pressure liquid chromatography (HPLC) 
The reverse phase HPLC of standard ergosterol and eluates 
of various spots of the non-saponifiable lipids, isolated by 
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preparative TLC, was carried out in a liquid chromatogram equipped 
with UV-detector fixed at 280 nm (Water Associates ALC/GPC-244). 
The instrument was attenuated at 0.05 aufs. R.C.S.S. ja-Bondapack 
C-18 reverse phase coliunn was used and flow rate was maintained 
at 1 ml/min using methanol as solvent. Retention time (rt) of 
individual peaks was compared with authentic sample of ergosterol 
run under identical conditions. 
(d) Ultraviolet (UV) spectra 
UV- spectra of various sterol fractions were recorded in 
methanol in Beckman K-24 spectrophotomer. 
(e) Mass spectra 
Mass spectra were run on a Jeol JMS D-300 mass spectrometer 
at 70 ev fitted with a direct inlet system. 
(f) PMR spectra 
PMR spectra using TMS (tetramethyl silane) as internal 
standard (chemical shift in^,ppm) was taken on 90 MHz Perkin 
Elmer, R-32 and 400 MHz Burker Super conductive FT, WM-400, NMR 
spectrometers. 
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1.3 RESULTS AND DISCUSSION 
PATHOGENICITY 
The results presented in Table-1 show that there was marked 
difference in the degree of pathogenicity between A-1, C-2, C-6 
and C-7 strains of A. auibZAt^oni; R-3, R-5 and R-7 strains of 
A. Khy^odt.^', A. pa-Ce^ -t-tnen-i-c-i and A. polyphaga. Four to six 
days after intranasal administration of A. culbZAt^ovti strain 
A-1 and A. Ahy^odz^ strain R-3 the mice developed typical symptoms 
of amoebic meningoencephalitis (AMS): became less mobile and 
scratched vigorously at their heads, their fur began to bristle, 
they were hunched into balls of bristling fur, their faces had 
a puffy appearance with the eyes kept closed. The mice stopped 
eating and drinking, usually remained immobile but occasionally 
exhibited spontaneous circling movements. All the mice died 
between 4 to 15 days. Intranasal administration of A.cuZbe.A.t^oni 
strains C-2, C-6 and C-7 did not produce any of the symptoms of 
AMS or mortality in mice even after 21 days, culture of brain 
excised from these animals did not show presence of amoebae. 
Intracerebral administration of strains A-1 and R-3 again 
produced hundred percent mortality within 7 days. On the other 
hand the intracerebral injection of strains C-2, C-7, R-5 and R-7 
caused death of only few mice while strain C-6 did not produce 
any mortality, the amoebae were detected in the culture of brain 
excised from these animals. 
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Intranasal or intracerebral administration of A.palz^tinO-n^i'!) 
and A. potypkagci did not produce any symptoms of AMS or the 
mortality, the culture of brain excised from these animals did not 
show the presence of amoebae. 
Since it is generally believed that human amoebic meningo-
encephalitis is due to the entry of trophozoites of Acanthamoe.ba 
spp. through the intranasal route, thus this route was considered 
relevant to their virulence. On the basis of the results 
obtained on intranasal inoculation of the amoebae, A. cutbe.At.6oni 
strain A-1 and A. Ahyybodz^ strain R-3 were considered pathogenic 
while A. cui.bzAt.6oni strains C-2, C-6 and C-7; A. Ahy^odz^ strains 
R-5 and R-7; A. polyphaga and A. pOLlQ-6tlnzn^i'6 as nonpathogenic. 
LIPID COMPOSITION 
The results of Table-2 show that total lipid content of all 
the nonpathogenic amoebae excepting A. potyphcLQa was lower than 
that of pathogenic amoebae studied. Phospholipid and sterol 
contents of nonpathogenic amoebae were also lower than those of 
pathogenic amoebae. 
INDIVIDUAL PHOSPHOLIPIDS 
On the basis of the resolution of the total lipids of the 
amoeba on TLC in chloroform:methanol:7M ammonium hydroxide 
(230:90:15, v/v) and comparison of the colour reaction of the 
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resolved spots with Vaskovsky and Kostetsky's reagent (1968), 
ninhydrin and Dragendrof f' s reagent (Wagner C-t at., 1961) with 
that of authentic standards, the constituent phospholipids were 
identified as lysophosphatidyl choline (LPC), lysophosphatidyl 
ethanolamine (LPE), phosphatidyl choline (PC), phosphatidyl 
ethanolamine (PE), alkali-stable phospholipid I (ASP-I, choline 
containing) and alkali-stable phospholipid II (ASP-II, ethanol-
amine containing) while phosphatidyl serine, phosphatidyl 
inositol, sphingomyelin and cardiolipin were not detected. The 
presence of two peculiar phospholipids, ASP-I and ASP-II, was 
first reported by Lai and Garg (1980)in H. culbZAt^oni. The 
results of Table-3 show that LPC content of pathogenic amoebae 
was higher than that of the nonpathogenic amoebae. However, LPE 
content of pathogenic and nonpathogenic amoebae did not show any 
marked difference. The high level of LPC in pathogenic amoebae 
could be the consequence of intracellular phospholipase A which 
was reported higher in pathogenic amoebae than nonpathogenic amoebae 
(Misra e.t a£.,1983). The pathogenic strains of A. culb^At^onl 
(A-1) and A. Ahy^odo.^ (R-3) had higher PC content as compared to 
that of nonpathogenic amoebae. However, A. pale.^tinzn^l.6, which 
is a nonpathogenic amoeba had higher content of PC. The phospho-
lipids of the pathogenic amoebae contained 24.76-26.0% PE while 
those of the nonpathogenic amoebae contained higher PE content 
(36.93-45.9%). Thus, the ratio of PC to PE in pathogenic amoebae 
was higher (1.16-1.43) than in nonpathogenic amoebae (0.49-0.75). 
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Here again, A. pate.^tinQ.n^A.yi was an exception which contained 
only 30.5% PE. ASP-I and ASP-II were present in all the amoebae 
studied but choline containing ASP-I was present in higher 
amounts in nonpathogenic amoebae than in pathogenic amoebae. 
The content of ethanolamine containing ASP-II in pathogenic 
and nonpathogenic amoebae did not show any marked difference. 
However, A. cuZbZAt4,oni strain A-1 contained highest amount of 
ASP-II. 
RESOLUTION OF STEROLS 
The non-saponifiable fraction of the amoebae resolved on 
TLC into several spots: the spot No. V (rf 0.438) corresponding 
to standard cholesterol/ergosterol (the mobility of the two 
sterols being the same) was detected in all the amoebae studied 
except in A. A.h.yiodz^ strains R-5 and R-7. Spot No. VI (rf 0.49) 
was detected in all the amoebae but relative intensity of the 
colour (developed by spray of orthophosphoric acid-.water 1:1, v/v) 
of the spot was significantly more in the nonpathogenic than 
in the pathogenic amoebae (Table-4). 
Quantitative estimation of sterols of different LB-positive 
spots (resolved on TLC) of virulent strain A-1 and avirulent 
strain C-7 was also carried out. The results of Table-5 show 
that the sum of sterol contents of all LB-positive spots of strain 
A-1 (135.70 jag) was higher than that of strain C-7 (95,94 jag). 
Among individual sterol spots, the sterol contents of spot V 
(corresponding to authentic sample of ergosterol on CO-TLC) and 
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Table-5: Distribution of sterol (s) in non-saponifiable lipids 
on TLC. 
LB-positive spots (a) A. calbzAt4>oni 
S t r a i n A-1^^' 
A.calbZAt^oni 
Strain C-7 ^^' 
II 13.57 (10.00) 
+ 0.86 
10.25 (10.68) 
+ 0.65 
III 8.06 (5.96) 
+ 0.73 
8.75 (9.12) 
+ 0.51 
82.26 (60.54) 
+ 6.32 
38.26 (39.88) 
+ 0.98 
VI 21.63 (15.96) 
+ 0.79 
33.38 (34.79) 
+ 1.62 
VII 10.18 
+ 0.34 
(7.50) 5.30 (5.52) 
+ 0.13 
Total for II to VII 135.70 95.94 
All values mean +_ SD of three sets 
(a) Rf values are same as in Table -4 
(b) ug ergosterol equivalent/300 Mg non-saponifiable lipids 
Figures in parenthesis are % of total Of total sterols in 
non-saponifiable lipids. 
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spot VII was significantly higher in strain A-1 than in strain 
C-7 while the sterol content of spot VI was higher in strain 
C-7 than in strain A-1. 
IDENTIFICATION OP STEROLS OF A.CULBERTSONI (STRAIN A-1) 
The total lipids of the trophozoites of A. calbafit-iiOYii 
strain A-1 were saponified with alcoholic sodium hydroxide 
(lOS^  w/v) for 2 hr under reflux over boiling water bath. The 
non-saponifiable fraction was extracted with solvent ether (in 
cold). The ether-soluble fraction was washed with water till 
neutral to litmus, dried over anhydrous sodium sulphate and 
distilled. The residue, semisolid syrupy mass, on TLC in dichloro-
methane:acetone (19:1, v/v) resolved into five LB-positive spots of 
rf 0.124, 0.248, 0.438, 0.490 and 0.628 (Tables 4 and 5). The 
spot-III (rf 0.438) was quantitatively the major fraction and had 
the same mobility as that of ergosterol on Co-TLC. The sterols 
of spot-III were separated by preparative TLC and directly sub-
jected to mass spectral analysis which showed that the spot-III 
was mixture of sterols of M 410, 408 and 396 m/z (Fig. lb). 
This was further subjected to HPLC on C-18 Bondapack reverse 
phase column, eluent methanol, using UV-detector fixed at 280 nm 
which showed three peaks of retention times (rt) 7.5, 8.3 and 
9.1 min (Fig. 2) . Peak at rt 7.5 min was found to be identical to 
ergosterol (Fig.la, lb) (sterol-I, Fig. 10) which has also been re-
ported to be one of the sterol of Acanthamozba (Neff) (Smith and 
Korn, 1968). 
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The separation and identification of other sterols was carried 
out as follows: 
The total non-saponifiable fraction was subjected to repeated 
crystallization with methanol. Thus most of the ergosterol and 
7-dehydrostigmasterol was removed. This is evident by mass spectrum 
of the crystalline fraction (mixture showing molecular ions at m/z 
396 for ergosterol, C _H..O and m/z 410 for 7-dehydrostigmasterol, 
C29«46°)-
For further characterization the crystalline sterol fraction 
was acetylated with acetic anhydride and pyridine at room temper-
ature and left overnight. The reaction mixture was heated on 
water bath for 2 hr, cooled and poured over crushed ice. The 
precipitate was filtered, washed with water to make free from 
any acid. The residue was directly applied on preparative TLC 
on argentic plates. This resolved into two major and one minor 
spots. The spot corresponding to standard ergosterol-acetate 
was separated out. The other major sterol spot was eluted and 
subjected to mass spectroscopy. It corresponded to 7-dehydro-
stigmasterol-acetate showing molecular ion at m/z 452 (5%) and 
m/z 392 (80%) (M-CH COOH)"*". This established the presence ot 
ergosterol (Sterol-I) and 7-dehydrostigmasterol (sterol-II) as 
whe constituent sterols of A. culbZAt^oni strain A-1 (Fig. 10). 
;iis is in agreement with the earlier report of Smith and Korn 
(1968) that ergosterol and 7-dehydrostigmasterol are predominant 
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sterols of Acanthamozba (Neff). The quantity of the third (minor) 
spot was exceedingly small, hence, it was not followed. 
MOTHER LIQUOR 
The mother liquor, left after crystallization of ergosterol 
and 7-dehydrostigmasterol, was subjected to preparative TLC. It 
also resolved into five LB-positive spots. The sterol fractions 
of rf 0.438 and 0.490 were eluted. The purity of these two 
fractions were established by TLC on silica gel plates as well 
as on argentic plates. 
(a) Sterol(s) of rf 0.438 
This fraction as obtained above was subjected to mass spectro-
scopic analysis (Fig. 3). No molecular ion peak corresponding to 
ergosterol (M 396 m/z) and 7-dehydrostigmasterol (M 410 m/z)were 
detected but a prominent molecular ion peak m/z 40 8 was detected. 
This fraction was analysed for C H^O. Its UV-spectrum (Fig.4)showed 
/^ 262, 273, 282 and 294 nm, similar to that of ergosterol and 
max 
5 7 
other A ' sterols as reported by Delseth tt al. (1979) and Wyllie 
and Djerassi (1968). The mass fragmentation pattern in conjunction 
5 7 
with PMR studies clearly indicated the presence of A. ' nucleus 
for this sterol. Itoh Zt al. (1983) have recently reported a number 
5 7 579(11) 8 7 
of ^  ' , ^ ' ' / A ' A ^^^ other sterols with varying 
side chains from sponge Axinzlla cannabina. They used 360-MHz H 
NMR, UV-spectroscopy and mass fragmentation pattern for characteri-
zation of various sterols with varying degree of unsaturation in 
the nuclei. 
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5 7 The mass fragmentation pattern for /^ ' sterols showed a 
characteristic fragment (M-C^H^O) arising by the loss of part 
of ring A by the cleavage of 1-10 and 3-4 bonds. This sterol 
(M 408 m/z) showed a peak at m/z 349 corresponding to ion 
(M-C-H_0) . Further,characteristic peaks in sterol arising 
by the loss of side chain and/by the loss of side chain + water 
molecule from the molecular ion was observed at m/z 271 (M-loss 
of side chain) and m/z 253 (M-loss of side chain +water). This 
suggested that the C,Q-side chain consisted of two double bonds 
A 5 7 in addition to the Z\ ' diene system in the nucleus. 
The PMR spectrum (Fig. 5) of this sterol fraction showed 
the presence of five methyl groups at 6 0.5, 0.75, 0.82, 0.9, 
1.01 ppm. Signals at 6 0.5 and 0.9 were in agreement with C^„ 
5 7 8 
and C^ g methyl for / \ ' unsaturated system rather than ^ 
unsaturated sterols in view of the presence of two ring olefinic 
protons at 6 5.3 and 5.45 ppm. One olefinic methyl resonated 
at 6 1.55 ppm and two vinylic protons at broad singlet at 6 4.72 
ppm. These signals could be assigned to C „ methyl and C , vinyl 
groups. The other four olefinic protons due to C^, C„, C„„ and 
b / z ^  
C - resonated between 6 5.18-5.45 ppm. Since this sterol shows 
a minima at 230 nm in its UV-spectrum (Fig. 4), the presence of 
the conjugated diene system in the side chain as in stigmasta-
5, 7, 22, 24 (28)-tetraene-33-ol was ruled out (Nes andGovinda Malya, 
1971). Thus, the structure of this sterol was assigned as stigmasta-
5,7,22,25-tetraene-3e-ol (sterol-III) (Fig. 10). The presence of 
this sterol in any of the amoeba has not been reported so far. 
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(b) Sterol(s) of rf 0.490 
This fraction analysed for C-gH.-O (M 406 m/z) (Fig. 6) 
indicating the presence of an additional double bond to those 
in sterol-III. The UV-spectrum (Fig. 7) of this sterol showed 
a weak absorption at 320 nm in addition to maxima at 262,2 72, 
280 and 294 nm. This suggested that it had a triunsaturated 
nucleus of either ^5,7,9(11) ^^ ^5,7,14 ^^^^ ^^^^^ ^^ ^^^^ 
1983) and thus differs from sterol-III. The mass spectra (Fig.6) 
of this sterol showed characteristic fragments at m/z 269 due 
to the loss of side chain from the molecular ion and at m/z 251 
due to the loss of side chain + water from the parent ion. This 
accounted for a diunsaturated side chain of C _ unit as in 
sterol-III and three double bonds in the ring systems of this 
sterol. Further studies in mass fragmentation pattern of it 
revealed the absence of peaks at m/z 227 and or 209 arising by 
the loss of side chain with ring D and or ring D +water, res-
pectively as reported for ^5,7,9(11) g^ gj-Q^ g (itoh ei a£.,1983) . 
This ruled out the possibility of the presence of /\ ' ' 
5 7 14 
unsaturation in this sterol. Thus, it should have / \ ' ' 
triene system. This was supported by the PMR spectrum (Fig. 8) 
which was almost similar to that of sterol-III except for an 
additional olefinic proton down field to 6 6.6 ppm which could be 
assigned to C . proton. Moreover, the mass spectrum (Fig. 6) of 
this sterol showed a fragment ion at m/z 255 (M-C,,H g i.e. side 
chain + C^^) and m/z 237 {M-C^jH^^+ water) "^  due to the rupture 
of ring D. The two fragments m/z 255 and m/z 237 are assigned 
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to ion 'a' (m/z 237) (Fig. 9) and the fragment constituting side 
chain along with C - was assigned ion 'b' (m/z 149) (Fig. 9). 
This established the structure of this sterol as. stigmasta-5,7, 
14,22,25-pentaene-3B-ol (sterol-IV) (Fig. 10). This sterol-IV 
was not stable and easily decomposed on keeping. Nitrogen 
5 7 
atmosphere was used to protect it. The presence of /\^ ' sterols 
namely ergosterol and 7-dehydrostigmasterol have already been reported 
as the major sterols of kcanthdmodba. (Neff) by Smith and Korn 
(1958). They also reported the presence of other highly un-
saturated unstable sterols in trace amounts in kccLYitkamozba. 
(Neff) and were left uncharacterised. The present work clearly 
establishes the presence of ergosterol, 7-dehydrostigmasterol, 
stigmasta-5, 7, 22, 25-tetraene-33-ol and stigmasta-5,7,14,22,25-
pentaene-36-ol sterols in A. cuibdAt^oni virulent strain A-1. 
IDENTIFICATION OF STEROLS OF A. CULBERTSONJ (STRAIN C-7) 
To study the sterol profile of the avirulent strain C-7 the 
total lipids of trophozoites of strain C-7 were extracted under 
similar conditions as that for strain A-1. The yields of the 
total lipids was low as compared to that of strain A-1 (Table-2). 
The non-saponifiable fraction of the lipids of strain C-7 when 
subjected to TLC also shows five LB-positive spots as reported 
in strain A-1 (Table-5). However, no well defined sterols could 
be obtained from the non-saponifiable lipids of strain C-7 either 
by preparative TLC or by crystallization as followed for strain 
A-1. In view of this, the spectroscopic studies were carried out 
] 4-
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with the crude total non-saponifiable fraction of strain C-7 to 
detect the presence of any of the known sterols. The UV-spectrum 
in methanol shows end absorption at 220 nm and inflection at 270 
nm and 280 nm. Thereby indicating the presence of unsaturated 
sterols in trace amount. The mass spectrum of the crude non-
saponifiable fraction did not show any well defined molecular 
5 5 7 ion peak or fragmentation pattern characteristic of A or A ' 
sterol as obtained by Itoh Q.t a-£i[1983) . Even the peak arising 
by the loss of side chain or side chain + water was not evident 
in the mass spectrum. HPLC of the non-saponifiable fraction on 
C-18 Bondapack reverse phase coli]^ also did not reveal the 
presence of any peak of retention times 7.5, 8.3 and 9.1 min, 
corresponding to ergosterol, 7-dehydrostigmasterol and 7,25-
didehydrostigmasterol, by monitoring absorption at 280 nm. However, 
five peaks of low retention times were observed (Fig. 11). As 
such the identification of the sterols of strain C-7 could not 
be accomplished. Yet, it is clear that the trophozoites of 
strain C-7 were at least free of the major sterols of strain 
A-1, namely ergosterol, 7-dehydrostigmasterol, 7,25-didehydro-
stigmasterol and 7,14,25-tridehydrostigmasterol. 
^--t^yvx/ 
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FIG-11 REVERSE PHASE HPLC OF TOTAL NON-SAPONIFIABLE 
LIPIDS OF STRAIN C - 7 . 
51 
1.4 REFERENCES 
Delseth, C , Tobla, L., Scheuer, P.J., Wells, R.J. & Djerassi, 
C. (1979). Hzlv. Chim. Acta, 62i 101. 
Folch, J., Ascoli, I., Lees, M., Meath, J.A. & Le Baron, F.N. 
(1951). J. Biol. Che.m., J9J; 833. 
Hack, M.H., Yaeger, R.G. & Mc Caffery, T.D. (1962). Comp. 
Biochzm. Physiol., 6; 247. 
Halevy, S. & Finkelstein, S. (1965). J. PAotozool., J2; 250. 
Halevy, S., Avivi, L. & Katan, H. (1966). J. PAotozooZ.; 13, 
480. 
Itoh. T., Sica, D. & Djerassi, C. (1983). J. Chzm. Soc. PzAkln 
TAan^., I; 147. 
Kaushal, D.C. & Shukla, O.P. (1975). Indian J. Exptl. Biol., 
13i 247. 
Korn, E.D. (1963). J. Biol. Cke.m., 238: 3584. 
Lai, A.A. & Garg, N.K. (1980). Indian J. Biochzm. Biophy^.,17; 
462. 
Lowry, O.H., Rosenbrough, N.J., Farr, A.L. & Randall, R.J. (1951) 
J. Biol. Ckzm., 193; 265. 
Misra, S.K., Sharma, A.K., Mehdi, H. & Garg, N.K. (1983). 
PAoti.6tologica, 79; 513. 
Nes, W.R. & Govinda Malya, P.A. (1971). J. Biol. Chzm. 246:561. 
Singh, B.N. & Das, S.R. (1970). Phil. TAan^. Roy. Soc. London, 
B259;435. 
52 
Smith, F.R. & Korn, E.D. (1968). J. Lipid Re^., 9; 405. 
Ulsamer, hG., Smith, F.R. & Korn, E.D. (1969). J. Czll Biol., 
43: 105. 
Vaskovsky, V.E. & Kostetsky, E.Y. (1968). J. Lipid Re-6., 9; 
396. 
Visvesvara, G.S. & Balamuth, W. (1975). J. PAotozool., 22:245. 
Wagner, H., Horhammer, L. & Lwoff, L. (1961). Biotkzm. 1., 334: 
175. 
Wagner, H., Lissau, A., Holzl, J. & Horhammer, L. (1962). J. Lipid 
Re4., 3, 177. 
Wyllie, S.G. & Djerassi, C (1968). J. OAQ. Chzm., 33: 305. 
Zlatkis, A., Zak, B. & Boyle, A.J. (1953) . J. Lab. Clin. Med., -^ 7, 
486. 
CHAPTER-II 
STEROL METABOLISM IN RELATION TO VIRULENCE 
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2.1. INTRODUCTION 
HOST PARASITE RELATIONSHIPS 
H. cuZbzAt^oni (A. culbZAtioni) is grown in a lipid-free 
mediiim consisting of peptone-sodium chloride-vitamin B, and B^„. 
Thus, it appears that the amoeba is able to synthesize its lipids 
from the carbon source in the medium. During studies on host-
parasite relationship in the brain of meningoencephalitic mouse 
infected with H. cmtbtxt^oni, it was found that the levels of 
cholesterol and phospholipids in the infected brain were lower 
than those in the uninfected one (Lai and Garg, 1979a; Rai and 
Rao, 1978). Since the turnover of cholesterol is known to be 
exceedingly slow in mammalian brain (Davison, 1970), it was 
suggested that the amoeba utilized the cholesterol and phospho-
lipids of the brain for its growth and multiplication during 
infection. 
EFFECT OF CHOLESTEROL ADDED TO GROWTH MEDIUM 
In view of the earlier reports that cholesterol is absent in 
free-living amoeba of kcanthamozba spp. and that the major sterols 
of the trophozoites are ergosterol and 7-dehydrostigmasterol 
(Halevy and Finkelstein, 1955; Halevy at at., 1966; Smith and 
Korn, 1968), utilization of host cholesterol by the amoeba 
presented an interesting phenomenon. This was investigated by 
Lai and Garg (1979b) and Lai Zt al. (1980). These workers reported 
that addition of 1 mg cholesterol per litre medium stimulated 
the trophozoite-multiplication of H. cuZbe.At^oni while tropho-
zoite-multiplication was inhibited when 5, 10 or 20 mg cholesterol 
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was added per litre medium. The exogenously added cholesterol was 
taken up and metabolised by amoeba because about 14% radioactivity 
3 
of H-cholesterol added to the medium was recovered in the non-
saponifiable lipids, this was randomly distributed in various 
sterol fractions of the non-saponifiable lipids of the amoeba 
resolved on TLC. The exogenously added cholesterol also altered 
the lipid composition of trophozoites viz. depletion in total 
lipids and phospholipids and enrichment in total sterol content 
of the cholesterol-grown trophozoites. Among the individual 
phospholipids the content of phosphatidyl choline increased and 
the contents of phosphatidyl ethanolamine, choline plasmalogens 
and ethanolamine plasmalogens were decreased while lysophosphatidyl 
choline and lysophosphatidyl ethanolamine were not detected in 
trophozoites grown in presence of 10 mg cholesterol/litre medium. 
It was also found (Lai and Garg, 1979b) that the incorporation 
14 
of C-acetate in total lipids, neutral lipids and phospholipids 
of the trophozoites was significantly decreased when they were 
grown in presence of 10 mg cholesterol/litre of medium. The 
incorporation of radioactivity in the non-saponifiable lipids in 
general and sterol spots of lesser or the same mobility as 
authentic sample of cholesterol on TLC was inhibited in tropho-
zoites grown in presence of 1 mg and 10 mg cholesterol/litre 
medium. These results show that exogenously added cholesterol 
was incorporated and metabolised by H. cuibO-At^oni and lipid 
biosynthesis in amoeba was inhibited in presence of added cholesterol, 
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It was further found that the activities of lysosomal enzymes-acid 
phosphatase, cathepsin B and acid deoxyribonuclease (Lai and Garg, 
1979b) and phospholipase A, sphingomyelinase and phosphatidic 
acid phosphatase (Lai tt at., 1980) were significantly higher in 
trophozoites grown in presence of cholesterol than in normally 
grown trophozoites. There was no significant change in the 
activities of membrane bound 5'-nucleotidase, adenosine triphos-
phatase, glucose-6-phosphatase, succinate dehydrogenase and 
cytochrome C oxidase. By scanning electron microscopic examin-
ation it was found (Lai zt at., 1980) that the cholesterol grown 
amoeba developed numerous, elongated filopodia as compared to 
normally grown one. 
The foregoing survey of relevant scientific literature and 
the results presented in Chapter-I, suggest involvement of sterols 
in the virulence and metabolism of free-living amoebae. 
PATHWAY OF STEROL BIOSYNTHESIS 
Cholesterol and other sterols are synthesized through a 
branched pathway of mevalonate metabolism, as it was originally 
elucidated for mammalian liver through the classical studies of 
Bloch, Lynen,Popjak, Cornforth, Porter, Olsen, Rudney, Hemming 
and others (reviewed in references, Beytia and Porter, 1976; 
Bloch, 1965; Gough and Hemming, 1970; Olson, 1963; Popjak ^t al., 
1961). In fibroblasts and smooth muscle cells, radio-labelled 
mevalonate is converted to three known endoproducts: cholesterol. 
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dolichol and the polyisoprene side chain of ubiquinone (Faust Q.t at. , 
1979; James and Kandutsch, 1979; Mills and Adamany, 1978). Each 
of these compounds contains a polyisoprene structure derived 
from repeated polymerizations of the basic 5-carbon building block, 
isopentenyl pyrophosphate which is derived from 5-carbon precursor, 
mevalonate. 
(a) Acetate to mevalonate 
Mevalonic acid is formed by condensation of three molecules 
of 2-carbon metabolite of acetyl-CoA. The key intermediate in 
this is S-hydroxy-S-methylglutaryl-CoA (HMG-CoA) and the enzyme 
involved is hydroxymethyl glutaryl-CoA synthase. HMG-CoA can 
undergo two reactions. It may be cleaved to form acetoacetate 
and acetyl-CoA or undergo an irreversible two steps reduction of 
one of its carboxyl groups to an alcohol group with concomitant 
loss of CoA to give rise to biologically active molecule "the 
mevalonate". This complex reaction is mediated through HMG-CoA 
reductase. There is a second route for the formation of mevalonic 
acid, which in principle is identical to that shown above but in 
it acetyl-CoA reacts with acetoacetyl-ACP to form 6 -hydroxy-3 -
methylglutaryl-ACP, which is then reduced to mevalonic acid. This 
pathway takes place in the cytosol. 
(b) Mevalonate to farnesyl pyrophosphate 
The next sequence of reactions begin with the phosphory-
lation of mevalonate by ATP, first to 5-monophosphate ester and 
then to the 5-pyrophosphomevalonic acid. A third phosphorylation 
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yields a very unstable intermediate which loses phosphoric acid 
and decarboxylates to form 3-isopentenyl pyrophosphate, which 
isomerises to 3,3-dimethylallyl pyrophosphate. These two 
isomeric isoprenyl pyrophosphates then undergo condensation 
with elimination of pyrophosphoric acid to form the monoterpene 
derivative, geranyl pyrophosphate. Another molecule of iso-
pentenyl pyrophosphate then reacts, again with elimination of 
pyrophosphate, to yield the sesquiterpene derivative farnesyl 
pyrophosphate. 
(c) Farnesyl pyrophosphate to sterols and other polyisoprenoids 
According to current evidence, farnesyl pyrophosphate cons-
titutes the major branch-point in polyisoprene biosynthesis 
(Beytia and Porter, 1976; Gough and Hemming, 1970). This compound 
can participate in three different enzymatic reactions: 
(i) Sterol pathway 
Two molecules of farnesyl pyrophosphate undergo condensation 
into "head-to-head" fasion by a microsomal enzyme to yield pre-
squalene pyrophosphate, which is reduced by NADPH to yield squalene 
and pyrophosphate. Squalene undergoes attack by molecular oxygen 
to form squalene 2,3-epoxide, a reaction catalysed by squalene 
monooxygenase (2,3-epoxidizing). The squalene 2,3-epoxide then 
undergoes cyclization to lanosterol, the first sterol to be 
formed. In this extraordinary reaction, a series of concerted 
1,2-methyl-group and hydride shifts along the squalene chain 
brings about closure of the four rings. These reactions occur 
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in microsomes but require the participation of two proteins from 
the cytosol. One of these, sterol carrier protein-1, is required 
to bind squalene in the presence of the cofactors phosphatidyl 
serine and FAD, prior to the interaction with the microsomal 
squalene monooxygenase. The conversion of lanosterol to 
cholesterol involves removal of three methyl groups (two from 
carbon atom 4 and one from carbon atom 14), saturation of the 
double bond in the side chain, and shift of the double bond 
from the 8, 9 to the 5, 6 position in ring B. Apparently two 
pathways exist for the conversion of lanosterol into cholesterol, 
one through 7-dehydrocholesterol and other through desmosterol, 
but both reaction progress with high speed. Sterol carrier 
protein-2 is required to bind 7-dehydrocholesterol. 
(ii) Ubiquinone pathway 
The farnesyl pyrophosphate chain can be extended by repeated 
"head-to-tail" condensation with isopentenyl pyrophosphate groups 
or short-chain polyprenols to form long-chain polyprenols. In 
these long-chain polyprenols all of the double bonds are in the 
t^an^ configuration. When the chain length reaches 10 isoprene 
units in human cells, the polyprenyl group is transferred to an 
aromatic ring derived from tyrosine to initiate the synthesis of 
ubiquinone (Olson, 1968). 
(iii) Dolichol pathway 
Farnesyl pyrophosphate can be converted into the long-chain 
polyisoprenyl alcohol, dolichol, through repeated additions of 
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up to 16 additional isopentenyl residues. The unique feature of 
the latter condensation reactions is that ci^ double bonds are 
produced in the polyisoprene chain. Thus, in dolichol the 
first three double bonds, which are derived from farnesyl 
pyrophosphate, are t.^an6 , whereas the remaining double bonds 
are in the c-c-4 configuration. The ci^ additions of isopentenyl 
pyrophosphate appear to be specific reactions that are unique 
to the dolichol synthetic pathway, and the enzyme makes the 
first ci^ addition of an isopentenyl pyrophosphate group to 
farnesyl pyrophosphate can be considered to catalyse the first 
unique (committed) reaction in dolichol synthesis (Gough and 
Hemming, 1970) . 
INHIBITORS OF STEROL BIOSYNTHESIS 
Cholesterol derived from low density and very low density 
lipoproteins of the serum (Brown zt at., 1974); 7-ketocholesterol 
(Brown and Goldstein, 1974); 7a-hydroxycholesterol, 7B-hydroxy-
cholesterol (Kandutsch and Chen, 1973); 25-hydroxycholesterol, 
33,5a,63-cholestantriol and mevalanolactone (Havel ei a£.,1979); 
compactin (Goldstein 2.t al., 1979); a-p-chlorophenoxyisobutyryl 
ether ester (CPIB) (Thorp and Waring, 1962) and isopentenyl 
adenosine (Brown and Goldstein, 1980) have been reported to act 
as inhibitors of sterol biosynthesis at different sites. 
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REGULATION OF CHOLESTEROL BIOSYNTHESIS 
(a) By cholesterol 
The regulation of polyisoprene biosynthesis through supp-
ression of HMG-CoA reductase, the rate controlling enzyme in 
sterol biosynthesis, by low density lipoprotein (LDL)-derived 
cholesterol was extensively studied by Brown, Goldstein and 
coworkers (Brown Zt at., 191 A; Brown zt at. , 1978; Faust <Lt al., 
1979). They reported that addition of LDL to culture fibroblast 
cells suppressed enzyme activity to 98% but suppression never 
became 100%, thus small levels of enzyme activity was always 
detectable in cell homogenate even when cells were grown in 
the presence of maximal levels of LDL. But the remaining 
enzyme activity was inhibited when compactin, a potent inhibitor 
of HMG-CoA reductase (Goldstein at aZ,1919), was added to the 
cells grown in presence of LDL, the cells responded to this 
mevalonate deprivation by developing a 5- to 10-fold increase 
in the amount of HMG-CoA reductase enzyme which was not active 
within the cell because it was inhibited by the compactin. 
Further, the full suppression of the enzyme activity was achieved 
in compactin-grown cells by addition of small amount of mevalonate 
in presence of LDL but in absence of LDL, still high levels of 
mevalonate failed to suppress the enzyme activity. Thus, these 
results are interpreted in the following ways: (a) cells require 
at least two products from mevalonate in order for HMG-CoA red-
uctase to be suppressed. One of these products, cholesterol,is 
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required in large amounts which can be supplied either exogenously 
from LDL or endogenously from mevalonate (Brown nt a.1., 1974; 
Edwards zt at., 19 77). The other mevalonate-derived products 
(ubiquinone and dolichol) are required in much smaller amounts. 
When cells are grown with compactin in the absence of LDL, they 
require high concentration of mevalonate in order to synthesize 
cholesterol plus the trace product.(b) LDL-derived cholesterol 
also regulates sterol biosynthesis beyond farnesyl pyrophosphate 
by suppressing the activity of squalene synthetase which serves 
to limit the flux of farnesyl pyrophosphate into the sterol branch 
of the pathway. This allows the cellular concentration of farnesyl 
pyrophosphate to remain at a level high enough to support the 
synthesis of the nonsterol products, ubiquinone and dolichol, at 
a time when farnesyl pyrophosphate synthesis has been reduced by 
98% as a consequence of the suppression of HMG-CoA reductase. 
(b) By g-p-chlorophenoxyisobutyryl ether ester (CPIB) 
Thorp and Waring (1962) reported that the series of a-aryl-
oxyisobutyric acid derivative decreases concentration of cholesterol 
in rat plasma and liver significantly and the ethyl ester of d-p-
chlorophenoxyisobutyric acid (CPIB) was the most potent in the 
series. This observation was further confirmed by several other 
workers (Atromid Symposium, 1963). 
The mode of action of CPIB on sterol biosynthesis remained 
unknown until 1965 when Avoy et at. reported about 70% decrease in 
14 incorporation of C-acetate into cholesterol in liver slices 
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of CPIB-fed rats than that in control one while the conversion 
14 
of C-mevalonate into cholesterol was decreased slightly. No 
decrease in the formation of ketone bodies or synthesis of 
14 triglyceride from C-acetate was reported in liver slices of 
CPIB-fed rats than that in control one. Thus, it predicted 
that the site of inhibition of CPIB must be in between acetyl-
CoA and mevalonate. 
Further studies on effect of CPIB on regulation of sterol 
biosynthesis is summarised as follows : (a) increase in ubiquinone 
concentration in the liver by CPIB was to the same extent as did 
the feeding with exogenous ubiquinone (Krishnaiah <it at., 1967a), 
(b) inhibition of hepatic synthesis of cholesterol and lowering 
of serum sterol concentrations by ubiquinone feeding to rats 
(Krishnaiah e-t a.1., 1967b) was similar to that of CPIB-feeding 
to rats (Avoy et a-t., 1965), (c) CPIB-feeding to rats decreased 
14 14 
the incorporation of C-acetate and not that of C-mevalonate 
14 into sterols, increased the incorporation of C-mevalonate 
into ubiquinone and increased the ubiquinone concentration in the 
liver (Krishnaiah and Ramasarma, 1970). Thus, in the light of 
these observations, Krishnaiah and Ramasarma (1970) proposed 
another mode of regulation of sterol biosynthesis by CPIB which 
acts by increasing the concentration of ubiquinone in liver. This, 
in turn, produces the inhibition of sterol synthesis by end-product 
inhibition of the common step in the synthesis of both cholesterol 
and ubiquinone and thus decreases serum sterol concentrations: 
CPIB—>liver ubiquinone increased—>serum sterols decreased. 
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PLASMA MEMBRANE IN VIRULENCE OF AMOEBA 
Plasma membrane, the limiting boundry of the amoeba, is the 
primary site of interaction with host cells during infection. 
Therefore, it is possible that at least some of the molecular 
determinants of virulence are located on the plasma membrane of 
these amoebae. 
The plasma membrane of typical eukaryotic cell is composed 
of about 40% lipid and 60% protein by weight. Carbohydrates may 
constitute upto about 10% and are invariably associated with 
lipids and proteins (Jain, 1980). Phospholipids and cholesterol 
are quantitatively the major lipid constituents of plasma membrane 
and molar ratio of cholesterol to phospholipids in plasma membrane 
is much higher than in mitochondrial and nuclear membranes 
(Campbell and Aldridge, 1975; Dod and Gray, 1968; Klenig at al., 
1971). 
ROLE OF CHOLESTEROL IN MEMBRANE STRUCTURE AND FUNCTION 
Certain evidences are available to suggest the intimate 
structural and functional relationship between cholesterol and 
other membrane constituents in biological membranes, such as: 
(1) Membrane-bound phospholipids of rat RBC and kidney mitochondrial 
fraction are hydrolyzed by phospholipase D with concomitant release 
of cholesterol into medium (Eling and Di Augustine, 1971; Helene 
and Holland, 1967; Kapoor e.t al., 1974; Sternberg and Kalant, 1973) ; 
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(2) Na /K -ATPase, a characteristic enzyme of plasma membrane, has 
specific requirement of cholesterol for optimum activity (Jarnfelt, 
1972; Naguchi and Freed, 1971); (3) The regulating step in choles-
terol biosynthesis i.e. production of mevalonate involving HMG-CoA 
reductase is mediated at the membranes of the endoplasmic reticulum 
(Goad, 1970); (4) Partial removal of cholesterol from erythrocyte 
membranes increases glycerol permeability (Bruckdorfer tt a-£,1959); 
(5) guinea pigs erythrocytes with increased cholesterol/phospho-
lipid ratio showed decreased permeability to non-electrolytes as 
well as active and passive Na transport (Kroes and Ostwald, 1971) . 
Thus the above studies strongly indicate that cholesterol could 
regulate the permeability of biological membranes by affecting 
the internal viscosity and molecular ratio of the lipid within 
the membrane. The degree of cohesion between the lipid molecules 
will in turn determine the rotational freedom and localization of 
membrane enzymes, carrier and gating systems involved in the 
transport and other membrane functions. The role of cholesterol 
can thus be considered as a stabilizing or dampening mechanism 
inhibiting structural changes in the membrane due to thermal, 
mechanical or other stress. 
Rottem £.t a.Z. (1973a,b) used ^ycoptoL^ma mycoide.6, an organism 
which can incorporate sterols into its membrane upto a concent-
ration of 40% (w/v). Serial passage of this organism in a serum-
free medium supplemented with decreasing concentration of choles-
terol resulted in adaptation of the organism so that it could 
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grow in absence of cholesterol. The adapted cells were osmotically 
more fragile with marked increase in saturated fatty acids and 
permeability. Cholesterol concentration of the erythrocyte 
membrane is altered in a number of pathological conditions and 
can also be altered in vitAO. The cholesterol-poor cells show 
altered membrane permeability as well as increased osmotic 
fragility (Bruckdorfer e.t aZ., 1969; Cooper zt ai., 1975; Grunze 
and Deuticke, 1974). 
EFFECT OF CPIB ON INTRACELLULAR MEMBRANES 
Apart from its hypolipedemic action, the administration of 
CPIB to the rats has been shown to produce many changes such as: 
increased the weight of liver (Avoy e-C at,, 1965; Best and Duncan, 
1964; Hess zt at., 1965; Kurup ct al., 1970); increased the 
hepatic contents of mitochondria (Kurup zt at., 1970; Paget, 1963), 
lysosomes (Paget, 1963) and microbodies (peroxisomes) (Hess e.t at., 
1965; Svoboda and Azarnoff, 1966; Svoboda tt al.,1961) 7 increased 
the content of mitochondrial protein (Krishnakantha and Kurup, 
1972, 1973); increased the activities of cytochrome oxidase 
(Hess zt at., 1965), glycerophosphate dehydrogenase and catalase 
(Hess e-t at., 1965; Krishnakantha and Kurup, 1972; Reddy e.t al, , 
1971; Westernfeld Zt al., 1968); increased the rate of synthesis 
of hepatic catalase by more than 80% (Reddy zt al., 1971) and 
decreased the activity of urate oxidase (Hess zt al.,1965) . 
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PLASMA MEMBRANE OF AMOEBA 
The plasma membrane of A. ca.'itztlanA.i, prepared by Schultz 
and Thompson (1969), had a high sterol: phospholipid (0.98 mole / 
mole) and phospholipid: protein ratio (0.43 mg/mg), the concent-
ration of DNA, RNA, lipid inositol and glycerides in this pre-
paration was very low but glycolipids and glycoproteins were 
enriched in the plasma membrane preparation as compared to their 
concentrations in the whole cell; alkaline phosphatase, 5'-nucelo-
tidase and Mg - ATPase activities were also enriched. The phos-
pholipids of the plasma membrane contained more phosphatidyl 
ethanolamine and phosphatidyl serine and less phosphatidyl choline 
than did the phospholipids of the whole cells. Differences in 
the fatty acid compositions of corresponding phospholipids in the 
plasma membrane and whole cells were also observed but ratios 
of total saturated to unsaturated fatty acids was the same as 
in the whole cell. Korn and Oliveerona (1971) found that plasma 
membrane of A. coi^tzllanil contained per mg of protein: 0.6-0. 7 ja 
moles of phospholipid, 0.81-0.98 i^ moles of sterol, 1 n mole of 
nonlipid organic phosphorous and 1 ju mole of carbohydrate (as 
glucose). Solutions of the lipid-extracted plasma membrane in 
8M urea separated on sephadex G-200 into a voided fraction which 
contained all of the carbohydrate and nonlipid phosphorous, and 
35% of the protein and an included fraction which contained only 
protein, apparently of low molecular weight. Polyacrylamide gel 
electrophoresis in sodium dodecyl sulfate solutions of fresh 
membranes or lipid extracted membrane revealed 2-3 protein staining 
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bands and two carbohydrate staining bands all of which had mobi-
lities approximately equal to that of lysozyme. The plasma 
membrane of this amoeba had a rather high content of carbohydrate 
compared to many other plasma membranes. Later, the extensive 
studies on chemical composition of plasma membrane of A.ccL^tzlianii 
was carried out by Korn and coworkers (Dearborn and Korn, 1974; 
Dearborn at al., 1976; Korn and Wright, 1973; Korn zt at., 1974) 
who reported the presence of a complex carbohydrate termed lipo-
phosphoglycan which constitutes about 30% of the plasma membrane 
of the amoeba. The purified lipophosphoglucan contained about 
8% inositol, 13% ^-pc.- and C .- phytosphingosines, 26% neutral 
sugars (glucose/mannose/galactose/xylose; mole ratio 5/4/1/1); 
3.3% aminosugars (galactosamine/glucosamine; mole ratio 3/1); 10% 
aminophosphonates (2-aminoethylphosphonate/l-hydroxy-2-amino-
ethylphosphonate; mole ratio 1/1); 3.2% acid hydrolyzable phosphate 
and 14% long chain fatty acids. 
The plasma membrane of A. cuZbZAt^oni (strain A-1) was iso-
lated by Misra e.t at. (1985) by treating the trophozoites with 
toluene followed by extraction with lithium bromide, a modified 
method of Zaidi e-C at. (1981) earlier developed for the preparation 
of sarcolemma from frog skeletal muscle. These workers reported 
that the plasma membrane preparation of the amoeba was free from 
nucleic acid, microsomal pigments cytochrome P.^^ and b,. and mito-
4DU D 
chondrial enzyme succinate dehydrogenase. The purity was also 
14 
established by C-amino acid incorporation and electronmicroscopy. 
+ + ++ 
This purified membrane was enriched with Na +K-ATPase, Mg-ATPase, 
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5'-nucleotidase and glucose-6-phosphatase and had higher molar 
ratio of cholesterol: phospholipid (0.95). Further, on SDS-gel 
electrophoresis they fractionated the isolated plasma membrane 
into 11 protein bands, out of which one was stained heavily by 
glycoprotein stain. More recently, Misra ^t a-t^. (19 86) have 
isolated the plasma membrane of virulent and avirulent strains 
of A. calbe.At^oni and reported that the activities of Na +K-ATPase 
and Mg —ATPase; the contents of total lipids, phospholipids, lipid 
sugars and total sterols and sterol:phospholipid ratio was higher 
in the plasma membrane of virulent strain A-1 than in the plasma 
membrane of avirulent strain C-7. While the activity of glucose-
6-phosphatase was higher in plasma membrane of strain C-7 than 
in strain A-1, no difference in the activity of 5'-nucleotidase 
of the plasma membrane of strains A-1 and C-7 was reported. 
The observations documented in Chapter-I of this dissertation 
have shown that (i) the total sterol content of trophozoite of 
virulent strains and species of Acantkamoe.boL is higher and (ii) 
ergosterol, 7-dehydrostigmasterol, stigmasta-5,7,22,25-tetraene-
3B-ol and stigmasta-5,7,14,22,25-pentaene- 3B-ol are the consti-
tuent sterols of the virulent strain A-1 but these sterols are 
absent in avirulent strain C-7. The foregoing literature survey 
has shown that (i) the biosynthesis of sterol can be modulated in 
presence of exogenous cholesterol and CPIB; (ii) the structure and 
function of the plasma membrane is intimately linked with choles-
terol content and (iii) the plasma membrane of the amoeba is the 
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primary site of interaction with host cell during infection. There-
fore, the effect of repeated passage of the trophozoites of virulent 
strain A-1 through CPIB and of avirulent strain C-7 through choles-
terol, on lipid metabolism and enzyme make up of the trophozoites 
and enzymic and chemical composition of isolated plasma membrane 
and virulence of amoeba was studied. The results obtained are 
presented and discussed in this chapter. 
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2.2 MATERIALS AND METHODS 
CPIB- AND CHOLESTEROL-PASSAGE OF A. CULBERTSONJ 
Chromatographically pure cholesterol (Centron Research 
Laboratories, Bombay) dissolved in a minimum volume of methanol, 
was added to 20 mM phosphate buffer, pH 7.2 (0.5 ml cholesterol 
solution/10 ml buffer). This was sonicated for 20 min at 20 Kc/ 
Sec, energy output 1.5 amp. (Cell Disrupter, Model W-220F, Heat 
System Ultrasonics, INC, New York). The resultant dispersion was 
centrifuged at 2,000 g for 20 min. Cholesterol was assayed in 
the supernatant, appropriate aliquots of this dispersion were 
added to the medium before sterilization. The size of cholesterol 
micelles.in the medium, as examined under light microscope, was 
6-12 microns. 
20 mg of CPIB was dissolved in 9 ml of distilled water, the 
pH of the solution was adjusted to 7.0 by adding 0.IN NaOH and 
final volume was made upto 10 ml. This solution was filtered 
aseptically through millipore filter (0.22 joM pore size). Appro-
priate aliquots of this solution was added to sterilised medium. 
A. cuZhZAt-itoni, strain A-1 was passaged in medium containing 
2 mg CPIB/litre and A. cuZbzAt'ioni strain C-7 in medium containing 
1 mg cholesterol/litre. The culture transfer for each passage was 
carried out at period of maximum growth. Strain A-1 through CPIB: 
96 hr growth for l-3rd passage and 120 hr for 4-15th passage; 
strain C-7 through cholesterol: 120 hr and 96 hr for 1st and 2nd 
passage, 48 hr growth for 3-9th passage, 72 hr growth for 10th 
passage and 120 hr growth for ll-15th passage (Fig. A ) . 
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Fig. A: Effect of repeated passaged through CPIB/ 
cholesterol on the period and cell counts 
of iraximum growth, a-strain A-1, b-strain C-7, 
B—•—gperiod of maximum growth,*--*--•tropho-
zoite counts of maximum growth. 
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UPTAKE OF "^H-CHOLESTEROL BY CPIB- AND CHOLESTEROL-PASSAGED TRO-
PHOZOITES 
In this experiment the trophozoites of strains A-1 and C-7, 
unpassaged and passaged 15 times through CPIB or cholesterol 
g 
respectively, were used. Freshly harvested trophozoites (1x10 ) 
were incubated with 3.26 xlO cpm of fla, 2a(n)- H^ cholesterol 
(sp. activity 47 Ci/m mole. Radiochemical Centre, Amersham) in 
presence of 2 mg glucose in a total volume of 5 ml made with 50 mM 
phosphate buffer-saline, pH 7.2. Incubation was carried out at 
37°C for 5 hr in metabolic shaker, after which the trophozoites 
were harvested and washed with sterile phosphate buffer-saline 
till no radioactivity was detected in the washings. The non-
saponifiable lipids were prepared and resolved into various LB-
positive spots on TLC as described in Chapter-I. The total non-
saponifiable lipids and silica gel scrapings of unsprayed zones 
of LB-positive spots from TLC plate were directly transferred to 
counting vials, containing 10 ml of scintillation fluid (0.4% 
PPG and O.OlSi POPOP in sulphur-free toluene diluted with 2-methoxy-
ethanol 1:1, v/v). The radioactivity was measured in Packard 
Tricarb Liquid Scintillation Spectrometer (Model 3330). The 
3 
counting efficiency of the instrument was 56% for H and 90% for 
" c . 
CC»4POSITIONAL CHANGES DURING CPIB- AND CHOLESTEROL-PASSAGES OF 
TROPHOZOITES 
The extraction and gravimetrical estimation of total lipids, 
estimation of lipid phosphorous, total sterols and protein of the 
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trophozoites of strains A-1 and C-7, unpassaged and passaged for 
different times through CPIB or cholesterol respectively, were 
carried out as described in Chapter-I. 
IDENTIFICATION OF STEROLS OF CPIB- AND CHOLESTEROL-PASSAGED 
TROPHOZOITES 
(a) Mass spectra of total non-saponifiable lipids was recorded 
as described in Chapter-I. 
(b) Gas liquid chromatography (GLC) of authentic sample of 
ergosterol and cholesterol and total non-saponifiable 
lipids was done by Chemito 3800, Gas chromatograph on a 6 
ft 1/8 inches column of 3% SE-30 at a temperature of 250 C 
2 
and an inlet pressure of 2 kg/cm of nitrogen. 
INCORPORATION OF ^"^C-ACETATE IN CPIB- AND CHOLESTEROL-PASSAGED 
TROPHOZOITES 
The freshly harvested trophozoites of strains A-1 and C-7, 
unpassaged and passaged 15-times through CPIB or cholesterol, 
14 
respectively, were incubated with 2 juCi of 1,2- C sodium acetate 
(sp. activity 56.7 mCi/m mole, Bhabha Atomic Research Centre, 
Trombay) and 2 mg glucose in saline-phosphate buffer (pH 7.0) 
at 37 C for 3 hr under constant shaking. The radioactivity in 
total non-saponifiable lipids and LB-positive spots were measured 
as described earlier. 
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ENZYME CHANGES IN CPIB- AND CHOLESTEROL-PASSAGED TROPHOZOITES 
The following enzymes were assayed in the total homogenate 
(prepared as described in Chapter-I) or plasma membrane of 
trophozoites of strains A-1 and C-7, unpassaged and passaged 5,10-
and 15-times through CPIB or cholesterol, respectively, according 
to the standard methods:Mg —ATPase (Fitzpatrick et al., 1969); 
+ + ++ 
ouabain-sensitive Na + K - ATPase and Ca —ATPase (Kidwai Zt al., 
1973); 5'-nucleotidase (Aronson and Touster, 1974); glucose-6-
phosphatase (Hubscher and West, 1965); NADPH-cytochrome C reductase 
(Masters et at.., 1971); cytochrome C oxidase (VThartson and 
Tzagoloff, 1967) ; succinate dehydrogenase (Slater and Bonner, 
1952); acid phosphatase (Wright Zt al., 1972); acid ribonuclease 
(De Duve Zt al., 1955) and cathepsin B (Mycek, 1970). The acti-
vities of lysosomal enzymes, acid phosphatase, acid robonuclease 
and cathepsin B, were assayed in the homogenate of the trophozoites 
after sonication at 20 Kc/sec for 2 min, at 0-4 C. This was done 
to rupture lysosomes and release their enzymes. 
The assay mixture for phospholipase A consisted of 20 mM L-a 
lecithin (chromatographically pure, free from lysolecithin and 
free fatty acids), 5 mM CaCl , 50 mM Tris-HCl (pH 8.6) and enzyme 
source (50-200 ;ug protein) in a final volume of 0.5 ml. The 
assay mixture was incubated at 37°C for 30 min, the reaction was 
stopped by the addition of 2.5 ml of extraction mixture (Dole, 
1956), which consisted of isopropyl alcohol:heptane:IN sulphuric 
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acid (40:10:1, v/v). This mixture was shaken vigorously for 1 min 
and after keeping for 10 min, 1.5 ml of heptane and 1 ml of dis-
tilled water were added and shaken well. It was then allowed to 
stand for 5 min for phase separation. 1 ml of aliquot of the 
upper phase was withdrawn and the amount of free fatty acids 
released, was determined colorimetrically (Mosinger, 1965). Sub-
strate blank and reaction blank (0 min) were simultaneously run; 
substrate blank consisted of the complete assay mixture minus 
enzyme source while in 0 min blank the enzyme was added after 
stopping the reaction. The values of fatty acids liberated by 
phospholipase A were always corrected for free fatty acids titres 
for substrate and 0 min blank. 1 unit of phospholipase A activity 
under above experimental condition liberated 1 u mole of FFA 
released/min. The specific activity was expressed as enzyme 
unit/mg protein. 
STUDIES ON ISOLATED PLASMA MEMBRANE OF PASSAGED TROPHOZOITES 
(a) Preparation of plasma membrane 
The plasma membrane of the amoebae was prepared by sucrose 
density gradient centrifugation as described by Kidwai et ai. 
g 
(1973). The trophozoites (3 x 10 cells) were homogenised in 
5.0 ml of 0,25 M sucrose at 0-4 C in Potter Elvehjem glass homo-
geniser fitted with teflon pestle. The homogenate was centrifuged 
at 2,000 g for 10 min at 4°C to remove cellular debris, nuclei and 
intact cells, if any. 2.0 ml of the resultant supernatant was 
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loaded on the top of each centrifuge tube containing sucrose 
density gradient which was prepared by gently pouring 1.3 ml of 
1.95 M sucrose at first followed by 1.2 ml of 1.45 M sucrose and 
at last 1.1 ml of 1.25 M sucrose, distinct sucrose gradient 
zones should be seen there. The tubes were centrifuged at 111,688 
g for 2 hr at 0-4°C. At the end of the run, the tubes had three 
distinct zones. The first zone (F,) was located at the inter-
phase of the loading medium and density gradient. It was collected 
by Pasteur pipette. This fraction was diluted with distilled water 
to approximate sucrose concentration of 0.25 M and centrifuged at 
105,000 g for 30 min at 0-4°C. The pellet was suspended in 0.25M 
sucrose or normal saline for further analysis. 
(b) Purity of the plasma membrane 
The fraction F, was considered as purified plasma membrane on 
the basis of distribution of negative and positive marker enzymes, 
electron microscopy (Misra Zt at., 1985), assay of microsomal 
pigments cytochrome P^CQ and b^ . (Omura and Sato, 1964) and estim-
ation of RNA (Ashwell, 1957) and DNA (Zamenhof, 1957) which were 
extracted according to Ogur and Rosen (1950). The results are 
presented in Table-A. 
(c) Chemical analysis 
Total sugar, hexoses, hexosamine and sialic acids were deter-
mined in plasma membrane preparations according to the methods 
of Montgomery (1957); Roe (1955); Spiro (1966) & Warren (1959), 
respectively. 
T a b l e - A : N u c l e a r , m i c r o s o m a l and m i t o c h o n d r i a l m a r k e r s . 
Markers 
(Unit/mg protein) 
Stra in A-1 St ra in C-7 
Ce l l -
homogenate 
Plasma 
membrane 
Ce l l -
hcarogenate 
PlasiTH 
membrane 
RNA 0.151+0.019 0.008+0.0003 0.210+0.024 nil 
DNA^ 0.339+0.03 nil 0.325+0.050 n i l 
Cytochraie P .^Q 0.220+0.018 n i l 0.233+0.010 nil 
Cytochrome b^ 0.210+0.016 nil 0.129+0.008 nil 
Glucose-5-
phosphatase 
0.110+0.012 Not detected 0.062+0.003 Not detected 
Succinate -, 
dehydrogenase 0.008+0.0002 Not detected 0.007+0.0004 Not detected 
All values +^  SD of 5 sets of experiments 
l&iits: (a) mg. (b) n mole cytochrome P.^ -Q or h^ 
(c) ju moles Pi released/min (d)ZiCD/min 
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PATHOGENICITY 
The pathogenicity of amoeba passaged through CPIB or choles-
terol was tested in albino mice, 10-15 gm body weight, as des-
cribed in Chapter-I. 
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2.3 RESULTS AND DISCUSSION 
UPTAKE OF "^H-CHOLESTEROL 
The results described in Chapter-I show that the constituent 
sterols of trophozoites of virulent strain A-1 of A. culbe.At^oni 
were ergosterol, 7-dehydrostigmasterol, stigmasta-5,7,22,25-
tetraene-33-ol and stimasta-5, 7,14,22,25-pentaene-36-ol but 
these sterols were absent in trophozoites of the avirulent strain 
C-7. Cholesterol was not detected in the trophozoites of any 
of the two strains of A. culbe.At^oni. The results of Table-1 show 
that when the trophozoites of strain A-1 (normally-grown as well 
as CPIB-passaged) and of strain C-7 (normally-grown as well as 
3 
cholesterol-passaged) were incubated with 1,2- H-cholesterol, 
the radioactivity was incorporated in total non-saponifiable 
lipids. The incorporation of radioactivity in non-saponifiable 
lipids of unpassaged trophozoites of strain A-1 was more than 
in unpassaged trophozoites of strain C-7. Fifteen passages of 
strain A-1 through CPIB and of strain C-7 through cholesterol 
caused decrease in the incorporation of radioactivity in the 
non-saponifiable lipids. Here, again the incorporation of radio-
activity was more in strain A-1 than in C-7. When the radio-
activity incorporated in the five LB-positive spots (total sterols) 
of non-saponifiable lipids resolved on TLC was summed up, it was 
found that the incorporation was more in normally grown-trophozoites 
4 
of strain A-1 (14.6 x 10 cpm/mg non-saponifiable lipids) than in 
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4 
that of strain C-7 {9.9 x 10 cpm/rag non-saponifiable lipids). 
When the trophozoites of strain A-1 was passaged 15-times through 
CPIB the incorporation in total sterols was significantly decreased, 
but no significant decrease in radioactivity was observed when 
strain C-7 was passaged 15-times through cholesterol. The incor-
poration of radioactivity in sterols of spot nos. Ill (rf 0.44) 
and V (rf 0.63) of CPIB-passaged trophozoites was less than that 
in normally-grown trophozoites of strain A-1 but the incorporation 
of radioactivity in sterol spot nos. II (rf 0.25) and IV (rf 0.49) 
of the CPIB-passaged cells was more. Similar pattern was observed 
between normally-grown and cholesterol-passaged trophozoites of 
strain C-7. This shows that cholesterol was taken up and meta-
bolised by both the strains of amoebae. The uptake was more in 
strain A-1 than in strain C-7. Fifteen-passages of strain A-1 
through CPIB or strain C-7 through cholesterol caused decrease 
in the uptake as well as metabolism of cholesterol to the cons-
tituent sterols of these amoebae (spot no. III). 
The uptake of cholesterol by A. caibZAt-ionl (C-7) on passage 
through cholesterol could be mediated through specific exchange 
proteins as demonstrated by several workers (Ehnholm and Zilversmit, 
1973; Eicholz and Crane, 1965; Emmelot zt aZ. , 1964; Johnson 
and Zilversmit, 1975; Kamp zt al., 1973; Scallen zt al., 191 A; 
Whittaker, 1966). Alternatively, this lipid exchange could be 
affected by membrane-lipid vesicle or fusion as described by 
Huang and Pagano (1975); Pagano et a.1. (1974) and Zaidi and Garg 
(1979) . 
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QUALITATIVE CHANGES IN STEROL COMPOSITION DURING CPIB/CHOLESTEROL 
PASSAGE OF AMOEBAE 
The studies on the sterol profile of the two strains of 
A. culbzAt^oni (A-1 and C-7) given in the Chapter-I indicated 
that the virulent strain A-1 was quite rich in Z\ ' sterols 
such as ergosterol, 7-dehydrostigmasterol, 7,25-didehydro-
stigmasterol and 7,14, 25-tridehydrostigmasterol while the 
avirulent strain C-7 was deficient in these sterols. 
(a) Sterols of strain A-1 passaged x 15 through CPIB 
GLC studies were carried out with the non-saponifiable 
fractions of CPIB-passaged and unpassaged strain A-1 (Fig. 1 ) . 
These show that the peak corresponding to ergosterol disappeared 
while the contents of other sterols decreased significantly. It 
appears that the constituent sterols of strain A-1 were affected 
both quantitatively (Table-2) and qualitatively during passage 
through CPIB. 
(b) Sterols of strain C-7 passaged x 15 through cholesterol 
The sterols of non-saponifiable fraction of trophozoites 
of strain C-7 after 15-passages through cholesterol were monitored 
both by GLC (Fig. 2) and mass spectroscopy (Fig. 3 ) . The presence 
of ergosterol (M 396 m/z), 7-dehydrostigmasterol (M 410 m/z) 
and 7,25-didehydrostigmasterol (M 408 m/z) along with unutilised 
cholesterol (M 386 m/z) were detected in the mass spectrum of the 
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non-saponifiable lipids of 15th cholesterol passaged cells.However, 
these sterols were not detected in the unpassaged trophozoites of 
strain C-7). 
A similar phenomenon has been observed in another protozoa 
TztAdhymZna pijn.iion.mi6, whose major constituent sterol is a 
pentacyclic triterpenoid tetrahymenol (Mallory zt di., 1963). 
This organism has no nutritional requirement for any sterol (Kidder 
and Dewey, 1951) but when this organism was grown in presence of 
cholesterol, the sterol was incorporated into the cells and 22-
dehydrocholesterol, 5,7,22-cholestatriene-33-ol and cholesterol 
were detected in the cells of this protozoa (Conner e-t a£.,1956). 
Thus, the sterol composition of T. pyniionmi^, grown in presence 
of cholesterol was altered. 
COMPOSITIONAL CHANGES DURING PASSAGE THROUGH CPIB OR CHOLESTEROL 
The results of Table-2 show that the contents of protein, 
total lipids (TL), phospholipid (PL) and total sterols were higher 
in virulent strain A-1 than avirulent strain C-7 of A.culbdnt^oni. 
The successive passages of trophozoites of strain A-1 through CPIB 
caused a gradual decrease in levels of TL, PL and total sterols 
of trophozoites. The levels of TL, PL and total sterols of the 
trophozoites of 15th CPIB passaged torphozoites of strain A-1 
decreased so much so that it became almost equal to that of 
unpassaged trophozoites of Strain C-7. A reversal of above was 
observed when trophozoites of strain C-7 were passaged through 
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cholesterol. No significant change was observed in protein con-
tent of trophozoites of strain A-1 or C-7 on passage through CPIB 
or cholesterol. 
EFFECT OF CPIB OR CHOLESTEROL ON INCORPORATION OF "'"^C-ACETATE INTO 
STEROLS OF THE AMOEBAE 
Since acetate is a precursor for the biosynthesis of all 
sterols and non-saponifiable lipids, the effect of addition of 
14 CPIB or cholesterol on incorporation of C-acetate in total non-
saponifiable lipids and sterol fraction of normally-grown tropho-
zoites of strains A-1 and C-7 was studied. The concentration of 
8 8 
CPIB (170 jLig/10 cells) or cholesterol (80 Aig/10 cells) were the 
same as employed during passages through CPIB (2 mg/litre medium) 
or cholesterol (1 mg/litre medium). The results of Table -3 show 
14 that the incorporation of C-acetate in total non-saponifiable 
lipids and total for sterol fraction, sum of radioactivity of all 
the five LB-positive spots resolved on TLC, of trophozoites of 
strains A-1 and C-7 were almost equal. The addition of CPIB 
or cholesterol inhibited the incorporation of radioactivity both 
in total non-saponifiable lipids and total for sterol fraction 
of trophozoites of both the strains A-1 and C-7. 
14 In another set of experiments the incorporation of C-acetate 
into various sterol spots of unpassaged and 15th CPIB-passaged 
trophozoites of strain A-1 and unpassaged and 15th cholesterol-
passaged trophozoites of strain C-7 was studied. The results of 
82 
Table-4 show that the percent incorporation of radioactivity in 
spot nos. Ill (rf 0.44) and V (rf. 0.63) of CPIB-passaged 
trophozoites of strain A-1 was less than normally-grown tropho-
14 
zoites, but the incorporation of C-acetate in sterol spot nos. 
II (rf 0.25) and IV (rf. 0.49) was more in CPIB-passaged 
trophozoites of strain A-1 than normally-grown trophozoites. 
There was no significant change in percent incorporation of 
radioactivity in spot no. I. This shows that CPIB-passage of-
strain A-1 caused inhibition of endogenous synthesis of sterols 
of spot No. Ill (egosterol, 7-dehydrostigmasterol and stigmasta-
5,7,22,25-tetraene-36-ol) but stimulated biosynthesis of sterol 
of spot no. IV (stigmasta-5,7,14,22,25-pentaene-33-ol). Similarly, 
14 the percent incorporation of radioactivity arising from 1,2- C-
acetate in sterol spot no. Ill (rf 0.44) was less in cholesterol-
passaged trophozoites of strain C-7 than normally-grown tropho-
zoites. This shows that endogenous synthesis of sterol no.Ill 
(unidentified) was inhibited during cholesterol passage. In view 
3 
of the observation made in the incorporation studies on 1,2- H-
cholesterol and studies on changes in sterol composition during 
cholesterol passage of the strain C-7, it is evident that choles-
terol was metabolised to ergosterol, 7-dehydrostigmasterol and 
stigmasta-5,7,22,25-tetraene-3B-ol and the sterol composition 
of the amoeba was altered in the sense that ergosterol, 7-dehydro-
stigmasterol and stigmasta-5,7,22,25-tetraene-3B-ol became its 
constituent sterols. Several studies have shown that CPIB is 
a potent inhibitor of sterol biosynthesis and it acts at a site 
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before mevalonate in liver cells and thus makes them mevalonate 
auxotrophs (Avoy zt al. ,1965; Thorp and Waring, 1962). Choles-
terol is also known to inhibit the activity of HMG-CoA reductase, 
a rate limiting enzyme in sterol biosynthesis, and mevalonate 
synthesis which is a precursor of all sterols (Brown and 
Goldstein, 1979; 1980; Brown zt at., 1973; Rao and Olson, 1967). 
ENZYME CHANGES DURING CPIB-OR CHOLESTEROL-PASSAGE 
++ 
The results of Table-5 show that the activities of Mg 
ATPase and 5'-nucleotidase progressively decreased in the 
homogenates of the trophozoites of strain A-1, when the amoeba 
was passaged through CPIB. On contrary the activities of these 
enzymes registered progressive increase when the trophozoites 
of strain C-7 were passaged through cholesterol. The magnitude 
of decrease or increase in the activities of these enzymes was 
maximal during the 5th-10th passages. Mg -ATPase has been 
reported to be a constituent enzyme of the plasma membrane of 
A. coi6tzlZanii (Ulsamer zt a£., 1971) while 5'-nucleotidase is 
a well known enzyme of plasma membrane (Jain, 1980). Thus, the 
changes in the activities of these two enzymes during CPIB-
or cholesterol-passage of virulent and avirulent strains are 
indicative of the changes which occur in the plasma membrane 
of the amoeba during acquisition or loss of virulence following 
these passages. 
The levels of phospholipase A activity, a membranolytic 
enzyme, in the trophozoites decreased after CPlB-passages and 
84 
increased after cholesterol-passages (Table-5) . Misra e.t aZil983) 
have reported that levels of phospholipase A activity are higher 
in the virulent strains and species of Acanthamozba than in 
avirulent strains and species. The activity of phospholipase A 
in the trophozoites of free-living amoeba has been directly 
correlated with virulence by several other workers also (Hax S-t at., 
1974; Victoria and Korn, 1975; Visvesvara and Balamuth, 1975). 
The activities of glucose-6-phosphatase, microsomal enzyme, 
cytochrome C oxidase and succinate dehydrogenase, mitochondrial 
enzymes, did not change significantly during CPIB- or cholesterol-
passages of strains A-1 or C-7. The activity of NADPH-cytochrome C 
reductase, another enzyme of microsomal fraction, progressively 
decreased in the trophozoites of strain A-1 during passage through 
CPIB as well as of strain C-7 during passage through cholesterol. 
Since, the activity of NADPH-cytochrome C reductase in virulent 
and avirulent strains (A-1 and C-7) were comparable, the involve-
ment of this enzyme in virulence of amoeba is not suggested. The 
decrease in the activity of this enzyme during CPIB- or choles-
terol-passage could be an indirect consequence of suppression of 
sterol biosynthesis both by CPIB (Avoy et a£,,1965; Thorp and 
Waring, 1962) and exogenous cholesterol (Brown and Goldstein,1974; 
1975; Brown zt al., 1973; Rao and Olson, 196 7) which may in turn 
inhibit the biosynthesis of specific proteins (Chen zt at., 1974; 
Chen zt al., 1975; Hradec and Dusek, 1968; Hradec zt al., 1971; 
Kandutsch and Chen, 1977). 
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The activity of lysosomal enzymes, acid phosphatase, acid 
ribonuclease and cathepsin B were assayed after sonicating the 
homogenates and thus the activities of these enzymes, represent 
changes in the total activity of these enzymes. During passage 
through CPIB the activity of acid phosphatase and acid ribo-
nuclease decreased gradually but that of cathepsin B remained 
more or less stationary. On the other hand during cholesterol-
passage of strain C-7 the activity of all the three lysosomal 
enzymes studied increased steadily. After 15th cholesterol-
passage the activities of all the three lysosomal enzymes were 
about one and a half times more than that in the unpassaged cells 
of avirulent strain C-7. 
CHANGES IN THE ISOLATED BLASMA MEMBRANE OF CPIB- OR CHOLESTEROL-
PASSAGED TROPHOZOITES 
(a) Enzyme changes 
The plasma membranes of passaged and unpassaged trophozoites 
of strains A-1 and C-7 were prepared according to the method 
of Kidwai Q-t at. (1973) developed for the isolation of plasma 
membrane of skeletal muscle of female rat. The purity of the 
plasma membrane fraction of the trophozoites was established on 
the basis of negative and positive marker enzymes, assay of 
microsomal pigments cytochrome P^co ^"^ ^s ^^^ estimation of RNA 
and DNA as described under Material and Methods of this chapter 
(Table A) . The results recorded in Table-6 show that the 
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activities of ouabain sensitive Na + K -ATPase, Mg -ATPase, 
Ca -ATPase and 5'-nucleotidase were higher in plasma membrane 
of virulent strain A-1 than that of avirulent strain C-7. The 
activities of these enzymes decreased significantly in plasma 
membrane of 15th CPlB-passaged trophozoites of strain A-1. A 
reversal of above was observed when strain C-7 was passaged 
15-times through cholesterol. 
(b) Compositional changes 
The carbohydrate moieties, of plasma membrane of AcoLnthamozba 
sp. (Dearborn and Korn, 1974; Dearborn e.t at., 1975; Korn and 
Oliveerona, 1971; Korn and Wright, 1973; Korn Q.t at., 1974; 
Misra zt at., 1986), were estimated in plasma membrane prepara-
tions of passaged and unpassaged trophozoites of virulent and 
avirulent strains of A. cutbzKt^oni. The results of Table-7 
show that the contents of total sugar and sialic acid were higher 
in plasma membrane of avirulent strain C-7 than that of virulent 
strain A-1 while there was no significant difference in contents 
of hexoses and hexosamine. The contents of sugar and sialic acid 
were higher in plasma membrane of 15th CPIB-passaged tropho-
zoites of strain A-1 than that of normally grown trophozoites 
while these constituents decreased in plasma membrane of 15th 
cholesterol-passaged trophozoites of strain C-7 as compared to 
that of the plasma membrane of normally grown trophozoites. There 
was no significant difference in contents of hexoses and hexo-
samine of plasma membranes of passaged and unpassaged trophozoites 
of strains A-1 and C-7. 
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PATHOGENICITY 
(a) A.culbe.Mt^on'L strain A-1 passage through CPIB 
The results of Table-8 show that the intranasal administ-
ration of the trophozoites of A.caZbtAt^oni strain A-1 produced 
100% mortality with typical symptoms of meningoencephalitis 
(AMS), with 4-6 days. When this amoeba was passaged six times 
through CPIB and inoculated intranasally to mice, one animal 
died on the 5th day, two on the 7th day, two on the 13th day 
and one on the 18th day. After 12th CPIB-passage the mortality 
rates were: one on the 14th day, one on the 15th day, two on 
the 20th day and two mice survived beyond 21 days, culture of 
the brain of surviving animal was positive for the presence 
of the amoebae. Similar progressive decline in the mortality 
of mice after intracerebral administration of amoebae passaged 
through CPIB was observed. 
(b) A.culbe.At^oni C-7 passage through cholesterol 
The results of Table-8 show that the intranasal administ-
ration of A. cuibZAtyioni strain C-7 to young mice did not 
produce any mortality upto 21st day. Culture of the brain 
excised from survived animals did not show the presence of 
amoebae. However, intracerebral administration produced 50% 
mortality with typical symptoms of AMS within sixteen days and 
amoebae were detected in the culture of brain of survived animals 
as well. This shows that this amoeba was avirulent. Intranasal 
administration of this amoebae after 5th passage through choles-
terol caused death of one of the six animals on the 10th day with 
88 
typical symptoms of AMS; after 10th passage 50% of the animals 
died (one each on the 8th, 18th and 20th day) and after 15th 
passage all animals died within seven days (one on the 3rd, two 
on the 4th and 5th days each and one on the 7th day), none of 
the surviving mice exhibited any symptoms of AMS upto 21 days 
but the amoebae were detected in the cultures of their brain. 
The mortality of the animals consequent to intracerebral admini-
stration of the amoeba passaged through cholesterol progressively 
increased: mortality was 4/6 after 5th8t6/6 after 10th and 15th 
passage through cholesterol. 
The foregoing results clearly demonstrate that when virulent 
strain A-1 was passaged through CPIB, the invasiveness was gradu-
ally lost while the invasiveness was gradually acquired when 
avirulent strain C-7 was passaged through cholesterol. Both the 
strains of amoeba were capable of taking up and metabolising 
cholesterol, the sterol of host brain. Cholesterol was metabolis-
ed into ergosterol, 7-dehydrostigmasterol and 7,25-didehydro-
stigmasterol which sterols were present in strain A-1 and were 
not detected in strain C-7. 
During the process of loss of virulence the following 
changes occurred: (i) The contents of total lipids, phospholipids 
and sterols decreased while protein content remained almost con-
stant; (ii) The incorporation of C-acetate into total non-
saponifiable lipids and various sterol spots decreased; (iii) The 
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activities of Mg -ATPase, 5'-nucleotidase, NADPH-cytochrome C 
reductase, acid phosphatase, acid ribonuclease and phospholipase 
A registered decrease; (iv) The activity of succinate dehydro-
genase increased slightly/ (v) The activities of glucose-5-
phosphatase, cytochrome C oxidase and cathepsin B were not 
altered & (vi) In the isolated plasma membrane of the tropho-
zoites, the activities of ouabain-sensitive Na + K -ATPase, Mg _ 
ATPase, Ca -ATPase and 5'-nucleotidase decreased significantly; 
the contents of total sugars and sialic acid increased while 
that of hexoses and amino sugars did not change significantly. 
During the process of acquisition of virulence the follow-
ing changes occurred: (i) The contents of total lipids, phospho-
lipids and sterols registered increase while the protein content 
did not change significantly; (ii) The incorporation of C-
acetate into total non-saponifiable lipids and various sterol 
spots decreased; (iii) The activities of Mg -ATPase, 5'-nucleo-
tidase, acid phosphatase, acid ribonuclease, cathepsin B and 
phospholipase A registered increase; (iv) The activity of NADPH-
cytochrome C reductase decreased; (v) The activities of glucose-
6-phosphatase, cytochrome C oxidase and succinate dehydrogenase 
were not altered,^ (vi) in the isolated plasma membrane of the 
trophozoites, the activities of ouabain-sensitive Na +K -ATPase, 
++ ++ 
Mg -ATPase, Ca -ATPase and 5'-nucleotidase increased significantly/ 
the contents of total sugar and sialic acid decreased while that 
of hexoses and amino sugars were not altered. 
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CHAPTER-III 
ENZYME AND LIPID CHANGES DURING ENCYSTATION 
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3.1 INTRODUCTION 
STRUCTURE OF CYST 
Cysts of Acanthamoe.ba, HaAtmanzlZa and NanglZAia species 
occur in many shapes and sizes, with single or double walls and 
with or without pores (Butt Zt al., 1968; Culbertson et a£.,1968; 
Singh, 1975) . The mature cysts of KaoLntkamozba sp. (A. ca^tzlloLnii 
was characterized by the presence of cellulose containing cyst 
wall, made up of an outer (exocyst) and an inner (endocyst) layers 
(Tomlinson and Jones, 1962) . These two layers of cyst wall of 
mature cyst were further examined under electron microscope by 
Bowers and Korn(1969) and were defined as: a laminar fibrous 
exocyst with a viable amount of matrix material and an endocyst 
of fine fibrils in a granular matrix, in addition an amorphous 
layer was also present between the cyst wall and the protoplast. 
The mature cyst contained golgi complex; autolysosomes (contain-
ing cytoplasmic debris, mitochondria and acid phosphatase); 
mitochondria (with dense matrix and without paracrystalline and 
filamentous structure) and endoplasmic reticulum. The nucleus 
released small buds into the cytoplasm and the nucleolus reduced 
to less than half of its original volume in mature cyst. The 
cytoplasm increased in electron density and its volume was 
reduced by about 80%. The water expulsion vesicle was the only 
cellular compartment without dense content. 
STRUCTURAL CHANGES DURING ENCYSTATION 
The trophozoites of A. ca^te-llanii, 5-7 hr after transfer 
into encystation medium, retained amoeboid movement but percentage 
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of trophic form of cells gradually decreased, number of rounded 
cells increased and synthesis of cyst wall was initiated during 
7-12 hr period. Beyond 12-14 hr period many of the cells appeared 
to have developed a single-layered wall which continued to thicken 
until two layers became visible, these were the mature cysts. 
This coincided with the appearance of cellulose as an alkali-
insoluble component in the cysts (Neff and Neff, 1969). 
Scanning electron microscopic studies, carried out by 
Pasternak Ct a£.(1970), revealed that the surface of trophozoites 
"of A. ca^itzZtanii was covered with long thin filopodia which 
became shortened and eventually receeded during 7 hr after 
transfer into encystation medium. The mature cyst was dis-
tinguished by thick, interconnected ridges and reticulate surface 
on which irregular shaped craters were present. Under transmission 
electron microscope, as reported by Bowers and Korn (1959), an 
incomplete layer of amorphous material appeared on the surface 
of encysting A. ca'ite.ZZan'Li. A densely staining material appeared 
in the golgi complex from which small vesicles appeared to pinch 
off and release their contents at the cell surface. . The densely 
staining material diminished from the golgi complex at the 
time the second layer of the wall began to form. A coiled 
lamellate structure appeared within the mitochondria during 
1-2 hr of encystment while on prolong encystation an electron-
dense concretion developed in the centre of the small amorphous 
granule, present in intracristae space of mitochondria. The 
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mitochondria of mature cyst had poorly defined tubular cristae, 
the dense matrix and no paracrystalline and filamentous structures. 
Digestive vacuoles, which were prominent in the trophozoites, were 
no longer observed after second hour of encystment whereas water 
expulsion vacuoles persisted. The nucleus diminished in volume 
and formed small buds during encystment. Autolysosomes, contain-
ing acid phosphatase (and presiamably other lysosomal enzymes) , 
were present by the time the outer wall was formed and they 
remained throughout encystment. These autolysosomes were filled 
with digested cytoplasmic materials such as mitochondria and 
glycogen granules. 
DEGRADATION OF BIOMOLECULES DURING ENCYSTATION 
Coincident with the onset of encystation of Acantkamoi^ba sp. 
in non-nutrient encystment medium, many fold decrease in the con-
tent of protein, DNA, RNA, triacyglycerides, glycogen and lipids 
was reported which resulted in reduction of cellular volume, dry 
weight and diameter of encysting amoebae (See Weisman, 1976 for 
references). 
(a) Protein 
Rudick and Weisman (1973) reported that the protein content 
of encysting A. ta^ttlianli remained relatively constant at first 
5 hr of encystment and then decreased by 50% in next 10 hr of 
encystment after which a plateau of approximately 400 pg protein/ 
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cell was maintained. Griffiths and Hughes (1969) have also reported 
a continuous decline in the levels of TCA-insoluble and alcohol-
insoluble fraction as well as alcohol-soluble proteins during 
first 30 hr of encystment of H. ca^bte-tZanii at a rate of about 
l.lSi and 1.3%, respectively, after which there was no further 
decrease in protein levels. Rubin et a-£. (1976) have isolated 
nucleoli of A. ca^tziianil and examined 50 nucleolar proteins, 
resolved by SDS-gel electrophoresis, throughout the growth cycle 
and encystation. No change in proteins was observed until the 
beginning of encystment at which time 10 protein bands disappeared, 
11 bands were observed to decrease and 8 bands were seen to increase 
in concentration. The phenol-soluble proteins of nucleolus corres-
ponded to 29 of the 50 nucleolar proteins, with 17 of these proteins 
corresponding to nucleolar proteins which changed at the onset of 
encystment. 
(b) Ribonucleic acid (RNA) 
In actively multiplying A. Cd-^tzllanll (25-70 hr) the RNA 
content registered increase and thereafter remained constant 
before appearance of cysts in population growth deceleration (PGD), 
The maximum RNA content was in the cells of stationary phase 
whereas the RNA content of cysts was only 50% of that found in 
cells of exponential phase (Byers e.t al., 1969; Griffiths and 
Hughes, 1969; Rudick and Weisman, 1973; Stevens and Pachler,1973). 
In late logarithmic multiplication (LM) and population growth 
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deceleration (PGD) the rate of RNA synthesis increased in A.c<i6te-llanii, 
leading to increase in RNA content per cell but the rate of RNA 
synthesis decreased in late PGD resulting in levelling of RNA 
content in cells of late PGD (Rudick, 1971) . Raizada and Krishna 
Murti (1972) reported an increase in RNA synthesis during encyst-
ation of H. culbzAt^oni but the degradation of reserved RNA also 
occurred, leading to decrease in RNA level of encysting cells. 
(c) Deoxyribonucleic acid (DNA) 
The DNA content remained constant (Stevens and Pachler,1973) 
or slightly decreased (Neff and Neff, 1969) during the early hour 
of encystation of A. coi^tzltoLnii followed by significant drop in 
the level of DNA (Griffiths and Hughes, 1969). Raizada and 
Krishna Murti (1972) also reported decrease in DNA content of 
encysting cells of H .cuZbO-At^oni. This drop in DNA content of 
encysting cells of Acantha.moe.ba sp. was presumed due to decrease 
in the rate of DNA synthesis in cells of late PGD phase (150 hr), 
as reported by Rudick (1971). 
The extensive drop in the content of protein, RNA and DNA, 
as reported during encystation in Acanthamocba sp., could either 
be due to decrease in rate of their synthesis or their degradation 
which could be mediated by lysosomal enzymes. Hence the role 
of lysosomal enzymes (acid RNase, acid phosphatase and cathepsin B) 
during encystation assumes significance. 
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(d) Glycogen 
The decrease in cellular level of glycogen was observed 
within 4 hr of encystation of A. ca^tzZtanii, which was continued 
further in the late period and finally the cysts contained only 
10-20% glycogen of that present in the trophozoites (Bowers and 
Korn, 1969; Stewart and Weisman, 1972, 1974; Weisman et at.,1910). 
The decrease in glycogen content during encystation of H. cuZbzAt^oni 
was also reported by Verma and Raizada (1975). 
(e) Lipid 
Bauer (1967) reported an increase in neutral lipid and 
decrease in phospholipid of trophozoites of Acanthamozba sp, 
during encystation. A decrease in the levels of total lipids 
(Tomlinson, 1965) and phospholipids (Bowers and Korn, 1969) was 
also reported during encystation of Atanthamozba sp. 
ENZYMATIC CHANGES DURING ENCYSTATION 
(a) Lysosomal enzymes 
Edwards and Lloyd (1977) reported an increase in specific 
activities of catalase and acid hydrolases (acid/alkaline phos-
phatase, 6-N-acetylglucosaminidase, 6- and a-glucosidase and 
6- and a-galactosidase) during stationary phase of growth which 
leads to encystation of A. ca^tzttanii. The activities of acid 
phosphatase, ribonuclease and deoxyribonuclease per cell declined 
but the specific activity of acid phosphatase and the fraction 
of activities which are sedimentable remained high during the 
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encystation of A. ca^tzllanii (Martin and Byers, 1976, 1977). 
An increase in the acid phosphatase activity of encysting 
kcanthoLmozba. spp. has also been reported by Band and Mohrlok 
(1969) and Lasman (1967) . Thus, on the basis of above studies 
Band and Mohrlok (1959) concluded that the degradative phase 
during encystation was due to activation of hydrolytic enzymes 
within sedimentable compartment and activation of encystment 
resulted by induction of lysosomal enzymes. 
(b) Respiratory enzymes 
Measurement of the respiratory metabolism of encysting 
A. cOL-ite.ZZanA.A. in the presence of glutamate and succinate as 
substrates revealed elevated oxygen consumption (to about 10 hr) 
followed by a decrease upon completion of encystment (Griffiths 
and Hughes, 1969). This presumably reflects an increased energy 
requirement for encysting amoebae, at least during the initial 
stage. Band and Mohrlok (1969) reported an initial rise (1-6 hr) 
in respiratory rate for A. ca^tztZanii (strain HR) during encyst-
ment, followed by a drop subsequent to formation of mature cysts. 
Mitochondria isolated from encysting amoeba respired at the 
same rate as mitochondria from vegetative cells, however, the 
respiratory rate of cyst mitochondria declined markedly. Later, 
Edwards and Lloyd (1977) reported decline in specific activities 
of cytochrome C oxidase and succinate dehydrogenase in A.ccuttllanii 
during stationary phase. 
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(c) Enzyme of tricarboxylic acid (TCA) cycle 
Meyers and Jensen (1967) studied the TCA-cycle enzymes 
during encystation of A. ca^tzllanli. These workers have found 
that in mature cysts the activity of NAD-malic dehydrogenase 
declined to 47% of the activity found in log phase trophozoites. 
An increase in specific activities of cellulose synthesizing 
system and repression of dehydrogenases mediating electron 
transfer from pyruvate, malate, succinate, $-ketoglutarate and 
3-glycerophosphate to triphenyl tetrazolitim and from glucose-6-
phosphate to NADP was reported in H. catbQ.At^on'i during 24 hour 
of encystation (Raizada and Krishna Murti, 1971). In the light 
of these results it was stated that during encystation the 
enzyme machinery was oriented more towards biosynthesis of cyst 
wall constituents than towards the aerobic breakdown of carbo-
hydrates. 
CELLULOSE SYNTHESIS DURING ENCYSTATION 
Cellulose was found to be a component of AcanthcLmoe.ba 
cyst wall (Tomlinson and Jones, 1962) and was first appeared 
after 20 hr of transfer of trophozoites to encystation medium 
(Griffiths zt at.,1961). The synthesis of cellulose during 
encystation of free-living amoeba was studied by several workers. 
Potter and Weisman (1971) reported the formation of water-
insoluble alkali-soluble (AS) and alkali-insoluble (AI) glucan 
from UDP- [ C ] -glucose by a particulate enzyme system isolated 
from 24 hr old encysting cells of A. ca-ite-llanii. They charac-
terized both the products as 6-1,4-glucans which was accounted 
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for more than 90% of the radioactivity incorporated, no other 
enzymatic products were detected. Several types of evidences 
suggest that the in vitJio cellulose synthesizing system is 
involved in the in vivo synthesis of cellulose in encysting 
A. ca^tzlZanii (Potter and Weisman, 1972) and that the cyst 
wall contained both alkali-soluble and alkali-insoluble 3-1,4-
glucans. In addition, the specific activity of the cellulose-
synthesizing system, which was difficult to detect in trophozoites, 
increased by 30-fold as encystment proceeds and the change in 
activity for the synthesis of the alkali-soluble and alkali-
insoluble products were roughly parallel to the appearance of 
the cyst wall cellulose. The developmental kinetics for the 
appearance of cyst wall cellulose and the detection of in vitAO 
cellulose synthesizing activity are virtually identical. Hence, 
it seems likely that the isolated enzyme system plays a role 
in vivc synthesis of cellulose. Earlier, Weisman Q-t at. (1970) 
have also reported an increase in alkali-insoluble component 
(AlC-mainly cellulose) in encysting A. ca^tiZZanii and the 
increase in AIC was parallel to the rise in the percent of 
mature cysts (judged under light microscope). Stewart and 
Weisman (1974) have grown A. ca^tzllanii in presence of H-
glucose and transferred these cells to encystation medium and 
followed the radiocounts in different fractions of amoeba to 
trace the route of cellulose synthesis. These workers have 
found a seven-fold increase in radioactivity in the wall-
insoluble fraction (cellulose) and a five-fold decrease in the 
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acid-soluble fraction (mainly glycogen) of 30 hr old encysting 
cells than those of the trophozoites while the radioactivity 
in other fractions changed very little. They also reported 
3 
that approximately 70% of H-labelled material was recovered 
as glucose from the wall-insoluble fraction of 30 hr old encyst-
ing cells, following complete acid hydrolysis. The specific 
radioactivity of glucose in the cyst wall-insoluble fraction was 
the same as that of glycogen glucose isolated from the acid-
soluble fraction of the trophozoites. 
Later, the change in the cellulose-synthesizing and 
carbohydrate-metabolising systems during encystation of H.caZbeAt^orU 
were studied by "Raizada and Krishna Murti (1971) . Stimulation in 
specific activity of cellulose synthetase, hexosephosphate trans-
aminase and UDP-glucose pyrophosphorylase was observed while the 
carbohydrate metabolising enzymes were repressed during encyst-
ation. Later, this increase in the activity of cellulose-
synthesizing system found to be correlated with the increased 
14 14 
incorporation of glucose-U- C into cellulose and glucosamine-1- C 
into mucopolysaccharide during encystation of H. Calbe.A.t'ioni 
(Raizada and Krishna Murti, 1972). 
From the above observation, it appears that glucose-1-
phosphate and acetyl-CoA, released by degradation of glycogen 
and fatty acids respectively, may be incorporated into cellulose 
through the proposed pathway given in scheme-A. 
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From the above literature survey it is clear that very little 
information is available on changes in lipid composition and 
enzyme activities associated with intracellular organelles during 
encystation of A. culbzAt^oni strain A-1. Therefore, the following 
studies were carried out: (a) lipid changes during encystation 
induced by Mg and taurine in liquid encystation medium, (b) 
changes and extrusion of enzyme activities associated with plasma 
membrane, mitochondria, lysosomes and microsomes, (c) incorporation 
of the carbon fragments of the lipid into the cyst wall constituents, 
(d) changes in the activity of isocitrate dehydrogenase (enzyme of 
TCA-cycle) and isocitrate lyase (enzyme of glyoxylate pathway) and 
(e) effect of inhibitors of isocitrate lyase on encystation. 
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3.2 MATERIALS AND METHODS 
ENCYSTATION 
Sterile liquid encystation medium containing 15 mM magnesium 
chloride, 86 mM sodium chloride and 20 mM taurine, pH adjusted 
to 8.0 to 9.0 with NaOH (Kaushal and Shukla, 19 75) was used for 
encystation. 96 hr old trophozoites, grown as described in 
Chapter-I, were aseptically harvested, washed and suspended in 
calculated volume of sterile normal saline to give a cell density 
g 
of 1.2-1.4 X 10 cells/5 ml. Five ml of this suspension was 
aseptically inoculated into 500 ml flasks containing 95 ml of 
encystation medium. These were incubated at 28 +_ 2°C under 
constant shaking for 120 hr. After which the flasks were kept 
at 4 C for 24 hr to lyse the surviving trophozoites and precystic 
forms. Finally the cysts were harvested and washed with normal 
saline at room temperature by centrifuging at 2,000 g for 20 min. 
The purity of the cysts and counting of their numbers was done 
under light microscope using haemocytometer (Erma, Tokyo, Japan). 
Aliquots of encysting cells were also aseptically withdrawn at 
0, 24, 72 and 120 hr period for monitoring the progress of 
encystation by microscopic examination. 
HOMOGENISATION OF CYSTS 
The suspension of cysts was sonicated thrice at 0-4°C for 
4 min at 20 kc/sec, energy output 1.5 amp (Cell Disrupter, Model 
W-220F, Heat Systems Ultrasonics, Inc, New York), complete dis-
ruption of the cells was monitored by examination under light 
microscope. 
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COMPOSITIONAL DIFFERENCE BETWEEN TROPHOZOITES AND CYSTS 
Lipid of the cysts and trophozoites were extracted and 
quantitated gravimetrically. Phospholipids, total sterols and 
individual phospholipids in the extracted lipids were estimated 
as described earlier. Protein of the cysts and trophozoites 
was also estimated as described earlier. The preparation of 
nonsaponifiable lipids of cysts and trophozoites and its 
resolution on TLC was carried out as described in Chapter-I. 
HIGH PRESSURE LIQUID CHROMATOGRAPHY (HPLC) 
HPLC of standard sample of ergosterol and total non-
saponifiable lipids of trophozoites and cysts was carried out in 
a liquid chromatogram equipped with a UV-detector fixed at 2 54 nm 
(Water Associates ALC/GPC-244). The instrument was attenuated 
at 0.05 aufs. Columns of p-porasil (30 cm x 3.9 mm) was used 
and flow rate was maintained at 1 ml/min using phosgene-free 
chloroform as solvent. Retention time (rt) of individual peaks 
was compared with authentic sample of ergosterol run under 
identical conditions. 
STUDIES ON THE CELL-FREE USED ENCYSTATION MEDIUM 
The contents of the flasks after 120 hr of incubation were 
directly centrifuged at 2,000 g for 20 min to remove surviving 
trophozoites, intermediates and mature cysts. The supernatant 
was examined under light microscope to check the cellular conta-
mination. This cell-free encystation medium was centrifuged at 
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9,000 g to sediment the intracellular organelles which might have 
extruded out during encystation. The pellet was suspended in 
normal saline and sonicated at 0-4 C for 4 min to rupture the 
membranes. 
ENZYME ASSAY 
The various enzymes, Mg -ATPase, 5'-nucleotidase, glucose-
5-phosphatase, succinate dehydrogenase, cytochrome C oxidase, 
acid phosphatase, acid ribonuclease, cathepsin B and phospholi-
pase A, were assayed in total homogenates of trophozoites and 
cysts and 9,000 g sediment of cell-free encystation medium 
according to the standard methods as described in Chapter-II. 
Isocitrate dehydrogenase activity was assayed in the 
supernatants, obtained by centrifuging the sonicated dispersions 
of trophozoites, encysting intermediates and mature cysts at 
10,000 g for 20 min at 0-4°C, according to the method of Kornberg 
and Pricer (1951). The assay mixture consisted of : 0.2 ml of 
phosphate buffer (0.5 M, pH 7.0), 0.1 ml of magnesium chloride 
(0.1 M), 0.02 ml of NAD/NADP (0.025 M), 0.1 ml of dl-isocitrate 
(0.005 M), enzyme source (200-600 mg protein), made upto a final 
volume 3.0 ml with triple distilled water. Optical density (OD) 
at 340 nm resulting from reduction of NAD/NADP was observed at 
30 sec intervals for 3 min at room temperature (30j^2°C). Corres-
ponding blank without isocitrate was simultaneously run. Z!iOD at 
340 nm/min/mg protein was taken as the specific activity of the 
enzyme. 
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Isocitrate lyase was also assayed in the 10,000 g super-
natant of the homogenates according to the method of Dixon 
and Kornberg (1959). The assay system consisted of : 200 
jomoles of phosphate buffer (pH 6.85), 15 yi moles of magnesium 
chloride, 100 ju moles of phenylhydrazine-HCl (pH 6.85), 6 p 
moles of cysteine-HCl (pH 6.85), enzyme source (100-300 mg 
protein), final volume made upto 3 ml with triple distilled water. 
The reaction was started by the addition of 5 p moles of dl-
isocitrate. Formation of glyoxylic acid was monitored by the 
formation of its phenylhydrazone derivative which gave *K at 
max 
324 nm. Therefore,OD at 324 nm was recorded at 30 sec intervals 
for 3 min. Corresponding blank without isocitrate was also run. 
A o D at 324 nm/min/mg protein was taken as the specific activity 
of the enzyme. 
Microsomal pigments cytochrome P^cn and bj- were estimated 
according to the method of Omura and Sato (1964) in supernatants 
of the trophozoites and cysts. These were prepared by centri-
o 
fuging the total homogenate (9 x 10 cells/50 ml) in 0.1 M 
phosphate buffer pH 7.0 containing ImM EDTA at 12,000 g for 30 min 
at 0-4°C. 
PREPARATION OF C-LABELLED TROPHOZOITES 
14 1,2- C sodium acetate (sp. activity 58.6 mci/mmole, Bhabha 
Atomic Research Centre, Trombay) was added to the growth medium 
of A. culbzAt^oni strain A-1 before sterilization to give 55x10 
cpm/100 ml medium. The medium was then sterilized and inoculated 
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as described in Chapter-I. After 96 hr of incubation the tropho-
zoites were harvested and transferred to encystation medium. The 
encysting cells were harvested after 0 hr, 24 hr, 72 hr and 120 hr 
of incubation and washed with normal saline till no radioactivity 
was detected in the washings. The cells were extracted and 
fractionated as given in scheme B as developed by Stewart and 
Weisman (1974). The harvested cells were extracted with chloroform: 
methanol (2:1, v/v) for 1 hr and centrifuged at 7,500 rpm for 
10 min at room temperature. The supernatant extract (S-I) was 
the lipid extract. This was washed with normal saline and 
concentrated as described earlier, and the radioactivity was 
assayed in the extracted lipids as described in Chapter-II. The 
pellet (P-I) contained membrane fragments, large vesicles, surviv-
ing nuclei, mitochondria and wall fragments of cystic forms. This 
was homogenized in triple distilled water and centrifuged at 
7,500 rpm for 20 min. This was repeated three times and the 
final pellet (P-II) and combined washings (S-II) were obtained. 
The pellet (P-II) was mechanically agitated in 60% KOH and kept 
at 160 C in glycerol bath for 3 hr, as described by Tomlinson 
and Jones (1962). This was centrifuged at 7,500 rpm for 20 min 
which gave pellet (P-III, alkali-insoluble component) and super-
natant (S-III, alkali-soluble component). The pellet (P-III) 
was washed once with IN HCl and then repeatedly washed with 
triple distilled water until the supernatant was neutral to litmus, 
The pellet (P-III) was characterised as cellulose by IR Fig. A. 
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The combined washings (S-II) were treated with 0.2 N HCIO. at 
0-4 C for 10 min and centrifuged at 7,500 rpm for 20 min to 
give supernatant (S-IV, acid-soluble component) and pellet 
(P-IV). 
Lipids from cell-free encystation medium, recovered 
after different hr of encystation, were extracted by chloroform: 
methanol (2:1, v/v) as described earlier. The radiocount in 
total homogenate, total lipids, alkali-insoluble component, 
alkali-soluble component/ acid-soluble component , cell-free 
encystation medium and medium lipid was measured as described 
in Chapter-II. 
INFRA-RED (IR) SPECTRUM OF ALKALI-INSOLUBLE COMPONENT 
IR spectrum of the unlabelled alkali-insoluble component 
and standard cellulose (Sigma Chemical Company, Saint Louis,USA) 
was recorded by KBr-pellet technique developed by Stimson and 
O'Donnell (1952) in the'Perkin Elmer Infra-red Spectrophotometer, 
Model No. 337. 
WASHED CELL PELLET 
EXTRACTED WITH CHCU : CH^OH ( 2 .* 1 
v / v ) AND CENTRIFUGED AT7500RPM 
FOR Q,OMIN. 
SUPERNATANT (S'l) 
CLIPID EXTRACT) 
I 
PELLET (P-I) 
(LIPID EXTRACTED CELLS) 
HOMOGENIZED AND 
WASHED WITH TDW 
BY CENTRIFUGATION 
AT :7500RPM 
FOR 2 OMIN. 
SUPERNATANT (S'll) 
CENTR< FU<^ e D 
AT 7,SOo R P M 
FOR. iO M\^ A 
HClOjij (0.2 N) 
MIN AT 0-4*C 
SUPERNATANT (s-iv) 
(ACID-SOLUBLE COMPONENT) 
PELLET (P-IV) 
PELLET (P-III) 
(ALKALI-INSOLUBLE 
COMPONENT) 
PELLET (P-Il) 
BOILED FOR 3 HR 
I N 6 O % KOH AT 
1 6 0 C AND CENTRI-
FUGED AT 7 , 5 0 0 RPM 
FOR 20 MIN. 
SUPERNATANT (s-IIl) 
(ALKALI-SOLUBLE 
COMPONENT) 
SCHEME-B 
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3.3 RESULTS AND DISCUSSION 
ENCYSTATION 
The results of Table-1 show that encystation was accompanied 
by lysis of trophozoites. The lysis was 10% at 24 hr, it gradually 
increased to 23% at 120 hr. Rounded cells, without amoeboid 
movement, as seen under light microscope, accounted for 10% of 
the surviving cells at 24 hr, this increased to 68% at 120 hr. 
These rounded cells obtained at 120 hr, after lysis of the 
surviving trophozoites, were stable to 1.5% (w/v) HCl at 30 C for 
24 hr and were considered to be mature cysts. 
ENZYME CHANGES 
8 The results of Table-2 show that the activities (unit/10 
cells) of Mg -ATPase and 5'-nucleotidase were lower in the 
cysts than those in the trophozoites, but the specific activity 
(unit/mg protein) of 5'-nucleotidase in cysts was higher than 
that in the trophozoites while that of Mg -ATPase was lower 
in cysts than that in the trophozoites. Mg -ATPase and 5'-
nucleotidase are widely accepted as characteristic enzymes of 
the plasma membrane of animal cells as well as of free-living 
amoebae (Jain, 1980; Ulsamer ei dl., 1971). Therefore, the 
changes in the activities of these enzymes during encystation 
are indicative of biochemical changes in the plasma membrane 
during differentiation of the trophozoites into cysts. 
The activity of glucose-6-phosphatase per 100 million cells 
as well as specific enzyme activity was significantly lower in 
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the cysts than that in the trophozoites. This is a characteristic 
enzyme of microsomal fraction (Ginsburg and Hers, 1960; Lai and 
Garg, 1980) . The characteristic microsomal pigments cytochrome 
P._o snd bj. (Omura and Sato, 1964) could not be detected in 
cysts while these pigments were present in the trophozoites. 
Since, these pigments are involved in microsomal electron trans-
port, the disappearance of these pigments from mature cysts 
indicates impairment of microsomal electron transport during 
encystation. 
Succinate dehydrogenase, the well known mitochondrial enzyme, 
was present in the trophozoites but could not be detected in the 
cysts. The activity of cytochrome C oxidase per 100 million 
cells as well as the specific enzyme activity was also signifi-
cantly lower in cysts than in the trophozoites. These two 
enzymes are involved in the mitochondrial electron transport. 
The above changes in the activities of mitochondrial enzymes 
are in agreement with the earlier report where the decrease in 
the specific activities of cytochrome C oxidase and succinate 
dehydrogenase in A. ca^tztZan^i during stationary phase (Edwards 
and Lloyd, 1977), decrease in oxidative phosphorylating ability 
of mitochondria of encysting A. ca^tztZaniyi (Griffiths zt at,, 
1967) and decrease in respiratory rate of isolated mitochondria 
of mature cysts as compared to that of the trophozoites of 
A. ca^tzlldnii (Band and Mohrlok, 1969) has been reported. 
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Earlier, Vickerman (1960) suggested that the shift in respiratory 
rate during encystation may be related to the decrease in volume 
of mitochondrial lumen of cyst mitochondria due to the formation 
of large, electron-dense, intracristal masses which were either 
absent in mitochondria of trophozoites or infrequently observed 
in the mitochondrial tubules (Bowers and Korn, 1969; Vickerman, 
1960) . 
The activities of lysosomal enzymes, acid phosphatase, acid 
ribonuclease and cathepsin B, in the cysts were lower than in the 
trophozoites butthe specific activities of these enzymes were 
significantly higher (1.3, 1.4 and 1.8 fold, respectively) in cysts 
as compared to those in the trophozoites. The increase in the 
specific activity of these enzymes in the cysts could be due to 
removal of other protein during encystation. This increase 
in specific activities of lysosomal enzymes is in agreement with 
the results of Martin and Byers (1976, 1977) and Griffiths and 
Bowen (1969) who suggested that the lysosomal enzymes are involved 
in degradation of macromolecules during encystation. 
Phospholipase A, a membranolytic enzyme, is associated with 
cellular organelles like mitochondria, lysosomes and microsomes 
and also present in the cytosol (Van Den Bosch, 1980) and its 
activity has been directly correlated with the pathogenicity of 
free-living amoebae (Cursons Q.t o,l., 1978; Hysmith and Franson, 
1982; Misra Zt Oil., 1983; Visvesvara and Balamuth, 1975). The 
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total activity of phospholipase A was lower in cysts than that in 
the trophozoites but specific enzyme activity was higher in the 
cysts than in the trophozoites. 
EXTRUSION OF LYSOSOMAL ENZYMES IN ENCYSTATION MEDIUM 
In view of earlier report (Sobota and Przelecka, 1981) 
that during encystation membrane fragments are extruded into 
the medixom, the excretion of proteih and membrane-bound enzymes 
into the cell-free encystation medium was studied. The results 
of Table-3 show that 89.9 mg protein was present in 1 litre 
of the encystation medium obtained after harvesting the cysts, 
intermediates and surviving trophozoites. Various membrane-
bound enzymes associated with mitochondria and lysosomes were 
assayed in the sonicated and unsonicated sediments obtained 
from centrifuging the cell-free encystation medium at 9,000 g. 
Significant acitivity of acid phosphatase was detected in 
unsonicated sediment but when this pellet was sonicated, for 
rupturing the lysosomes, if any, the activity of acid phosphatase 
increased and other two lysosomal enzymes, acid ribonuclease and 
cathepsin B, could be detected. However, none of the enzyme 
activities associated with the mitochondrial fraction could be 
detected in sonicated or unsonicated pellet. The above results 
show that only lysosomes or membrane fragments associated with 
these enzymes are extruded into the medium but mitochondrial 
membrane are not extruded as such, presumably they are degraded 
or their enzymes are inactivated during encystation. 
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COMPOSITIONAL CHANGES 
The results of Table-4 show that the trophozoites of 
A. cixtbZKt^OYii contain 23.80 mg protein, 7.85 mg total lipid, 
3.53 mg total phospholipids and 0.91 mg total sterols whereas 
the cysts contain 6.02 mg protein, 3.08 mg total lipid, 0.44 mg 
g 
total phospholipid and 0.50 mg total sterols per 10 cells. This 
shows that the protein, total lipids, phospholipids and sterols 
were degraded during encystation. 
PHOSPHOLIPID COMPOSITION 
The total lipids of the trophozoites and the cysts were 
resolved by TLC into six phospholipid spots which have been 
characterised as LPC, LPE, PC, PE, ASP-I and ASP-II (Chapter-I). 
The results of Table-5 show that LPC and LPE in the cysts 
were present only in traces while these accounted for more than 
215^  of total phospholipids of the trophozoites. PC and PE 
contents of the cysts was one eighth of that in the trophozoites. 
Similarly, the contents of alkali-stable phospholipids (ASP-I 
and ASP-II) in the cysts were about one third of that in the 
trophozoites. 
NON-SAPONIFIABLE LIPIDS 
The results of Table-6 show that the non-saponifiable 
lipids of the trophozoites on TLC in dichloromethane:acetone 
(19:1, v/v) resolved into seven spots (I, II, IV, VII, IX, X,XI) 
to 
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detected by spraying the plate with orthophosphoric acid:water 
(1:1, v/v). Out of these seven spots, eluted from TLC, only 
five spots (III, IV, VII, IX, X) gave positive reaction with 
Liebermann-Burchardt (LB) reagent. On the other hand the 
non-saponifiable lipids of the cysts resolved into five spots 
(II, V, VIII, IX, XI) out of which four spots (II, V, VIII, IX) 
gave positive reaction with LB-reagent. The results of Chapter-I 
show that the sterols of spot VII (corresponding to authentic 
sample of ergosterol in mobility on Co-TLC) are a mixture of 
ergosterol, 7-dehydrostigmasterol and 7, 25-didehydrostigmasterol 
while spot IX is 7,14,25-tridehydrostigmasterol. On the basis 
of relative colour intensity of the spots on TLC plates developed 
by spray with orthophosphoric acid:water (1:1, v/v), the spot 
VII appeared to be the major sterol of the trophozoites but 
this spot was not detected in the cysts, instead, a sterol spot 
of rf 0.468 was detected as the major spot. This sterol spot 
was not detected in the trophozoites. This suggests that ergo-
sterol, 7-dehydrostigmasterol and 7,25-didehydrostigmasterol of 
the trophozoites were transformed into less polar and more 
lipophilic sterols during encystation. Among the various sterol 
spots of the trophozoites and cysts only spots IX and XI were 
common, spot IX was LB-positive spot. This qualitative differ-
ence in sterol compositions between trophozoites and cysts was 
further confirmed by HPLC (Fig. 1) where the non-saponifiable 
lipids of the trophozoites resolved into two peaks of retention 
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times (rt) 2.8 min and 12.8 min. The peak of rt 12.8 min, corres-
ponded to authentic sample of ergosterol and was the major peak 
of the trophozoites. This peak was not detected in the cysts 
but another new peak of rt 9.8 min was detected. Peak of rt 2.8 
min was detected in the trophozoite and cysts both. Thus on 
the basis of available circumstantial evidences it appears that 
the sterols of spot VII (ergosterol, 7-dehydrostigmasterol and 
7,25-didehydrostigmasterol) of trophozoites were converted into 
sterol (s) of the cysts. Detailed chemical characterization of 
the sterol(s) of the cysts could not be undertaken. However, 
further studies in this area are expected to unfold new aspects 
of molecular changes in the differentiation process. 
INCORPORATION OF "'•'^ C-FRAGMENTS OF LIPIDS OF THE TROPHOZOITES INTO 
CELLULOSE OF THE CYSTS 
The lipids of the trophozoites were labelled by growing 
14 14 
the trophozoites in presence of C-acetate. These C-labelled 
trophozoites were transferred to the encystation medium and the 
radioactivity in total lipids, acid-soluble components (glycogen), 
alkali-soluble components and alkali-insoluble components 
(cellulose) of encysting cells, cell-free encystation medium and 
its lipids was followed after 0, 24, 72 and 120 hr of encystation. 
The results of Table-7 show that the radioactivity of the total 
lipids and acid-soluble component (glycogen) decreased signi-
ficantly upto 72 hr of encystation, after which period a slight 
12.5 10.0 
"T" 
7.5 5 2.5 
T 
0 15.0 
Retention time (minutes) 
FIG-1 HPLC OF TOTAL NGN SAPONIFIABLE LIPIDS OF TROPHOZOITES (—3 
AND OF CYSTS (X K) AND AUTHENTIC SAMPLE OF 
CHOLESTEROL (- -) 
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decrease in radioactivity was observed. This decrease in radio-
activity of total lipids (150.2-51.7 x 10 cpm/10 cells) and 
4 8 
acid-soluble component (1.6-0.73 x 10 cpra/10 cells) upto 72 hr 
of encystation was followed by a maximum increase in radio-
4 8 
activity of alkali-insoluble component (0.03-3.61 x 10 cpm/10 
cells) upto 72 hr of encystation after which period the increase 
in radioactivity was nominal. The alkali-insoluble component of 
the cysts was characterized, on the basis of IR as cellulose 
(Fig. A) (see Tomlinson and Jones, 1962 for reference). The 
radioactivity in cell-free encystation medium and its lipid 
extract increased steadily during entire course of encystation 
(Table 7). 
CHANGES IN THE ACTIVITIES OF ISOCITRATE DEHYDROGENASE AND 
ISOCITRATE LYASE 
Isocitrate dehydrogenase is one of the constituent enzymes 
of TCA cycle. Isocitrate dehydrogenase activity of the tropho-
zoites was found to be NADP-dependent because the enzyme activity 
could be detected in the presence of NADP and not NAD. The 
results of Table - 8 show that the activity of NADP-isocitrate 
dehydrogenase in encysting cells steadily decreased upto 32 hr 
of encystation. At this time period the enzyme activity in the 
encysting cells was only 20.3% of that in the trophozoites. No 
enzyme activity was detected beyond this period. The observation 
is in agreement with the results of Meyers and Jensen (1967) who 
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also reported a decrease in activity of NADP-isocitrate dehydro-
genase in encysting A. Cd'&te.ZZcinii. 
On the other hand the activity of isocitrate lyase, an 
enzyme of glyoxylate pathway, steadily increased upto 24 hr of 
encystation (about 3.5 fold) and then decreased during 27-48 hr 
of encystation. However, the enzyme activity at 48 hr of encyst-
ation was still 2 fold higher than that in the trophozoites. No 
enzyme activity was detected in mature cysts. 
EFFECT OF GLYCOLATE AND MALEATE ON ENCYSTATION 
The results of Table-9 show that 70.87% of the surviving 
cells differentiated into mature cysts in medium containing 
MgCl + NaCl + taurine. But when glycolate or maleate, known 
inhibitors of isocitrate lyase (McFadden and Howes, 1963), added 
to the encystation medium percent lysis of encysting cells 
increased from 28.97^ (as in encystation medium without any 
inhibitors) to ^ 32% at 8.5 mM, ~'42% at 17 mM and'^43% at 34 mM 
concentrations of inhibitors added to the medium. In a pilot 
experiment, it was found that both glycolate and maleate at 8.5 mM 
concentration caused 100% inhibition of isocitrate lyase. These 
additions also inhibited the encystment significantly. 
The results of this chapter are summarised as follows: 
1. The maximum number of mature cysts were obtained after 120 hr 
++ 
of incubation of trophozoites in Mg - taurine encystation 
medium. 
2. The specific activities of 5'-nucleotidase, acid phosphatase, 
acid ribonuclease, cathepsin B and phospholipase A were higher 
in the mature cysts than in the trophozoites. 
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3. The specific activities of Mg - ATPase, glucose-6-phosphatase 
and cytochrome C oxidase were lower in cysts than in the 
trophozoites. 
4. The microsomal pigments cytochrome ^ACQ ^^^ ^5 ^^'^ '^ ^^  
activity of succinate dehydrogenase were not detected in 
the cysts while these were present in considerable amount 
in the trophozoites. 
5. The activities of acid phosphatase, acid ribonuclease and 
cathepsin B were detected in the cell-free encystation medium. 
It may be due to the extrusion of lysosomes or fragments of 
membranes associated with lysosomal enzymes. It is not 
unlikely that at least part of the enzyme activities detected 
in the used cell-free encystation medium arise out of lysis 
of encysting cells or trophozoites. 
6. During encystation the protein, total lipids and phospholipids 
of the trophozoites were degraded while the sterols of the 
trophozoites were transformed into less polar and more 
lipophilic sterols. 
7. The carbon fragments of total lipids of the trophozoites were 
incorporated into the cellulose of encysting cells. 
8. During encystation a gradual shift in metabolism from the 
operation of TCA-cycle to the glyoxylate pathway was observed 
because a progressive decrease in the isocitrate dehydrogenase 
activity and a progressive increase in isocitrate lyase 
activity was observed during encystation. This shift of 
125 
metabolism towards glyoxylate pathway is likely to favour 
incorporation of acetyl-CoA, the end product of ^-oxidation 
of fatty acid released from total lipids of the cells, into 
the cellulose of encysting cells. The encystation was 
inhibited by glycolate and maleate, inhibitors of isocitrate 
lyase. This also confirms the involvement of glyoxylate 
pathway in completion of encystation. 
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